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AUTHOR'S PREFACE, 


[Toward the close of 1912 the writer was 
requested to study the sugar beet nematode, 
Heterodera schachtu Schmidt, in order to 
ascertain the nature and extent of the in- 
juries caused by it to sugar beets and other 
crops, as well as the possibility of its intro- 
duction and distribution in the United 
States. 

This study resulted in the discovery of a 
seattered but voluminous European litera- 
ture covering a period of about sixty years, 
from which it proved possible to glean 
most of the data presented in the following 
pages. No literature could be found on the 
subject in the English language, therefore 
it was believed that a digest of the more 
important contributions to this literature 
might be of service to students, beet grow- 
ers-and others directly interested in the 
Deet sugar industry. 

The bibliography is not quite a complete 
one, but it cites the more important litera- 
ture of the subject. 

Hearty thanks are extended to Dr. N.-A. 
Cobb and Mr. W. E. Chambers for their 
valuable assistance in the study of the 
nematode itself, to Mr. P. L. Ricker for 
editing and revising the lists of susceptible 


and non-susceptible plants, and to Miss 
Florence P. Smith, who verified the 
bibliography. ] 

INTRODUCTION. 


Attention of late has been called to the 
fact that many plant diseases have been 
introduced into this country by means of 
imported nursery stock, potatoes, and other 
agricultural products. Legislation recently 
has been enacted looking to the establish- 
ment of a quarantine to prevent, if possible, 
the continued entrance of such disease or 
pest-bearing products into the United States. 

Among serious pests that already have 
done much injury in European countries is 
the sugar-beet nematode, Heterodera 
schachtti Schmidt. The attacks of this 
microscopic eelworm bring about a physio- 
logical disturbance or disease of sugar 
beets. The sugar beet nematode has be- 
come so widely distributed in the beet grow- 
ing districts of Europe as annually to cause 
great losses in the sugar beet crop. 

Since this pest, unfortunately, alreadv 
has gained entrance to this country, it is 


very desirable that information concerning 
it shall be available, so that steps may at 
once be taken to prevent its further intro- 
duction and distribution. To this end the 
present paper has been prepared. 

_ The early successes of the beet sugar 
industry in Europe, under the fostering 
protection of the respective governments of 
Germany, of France, of Austria, and later 
of Russia and the other European coun- 
tries, amazingly stimulated the cultivation 
of sugar beets in those countries. Each 
year saw a large increase in the area de- 
voted to the crop. In response to improved 
methods and implements, beets continued to 
yield more generdusl¥ in both tonnage and 
sugar. 


An assured market and liberal prices at 
length aroused the avarice of many grow- 
ers so that finally we find them not only 
devoting more acreage to beet culture but 
raising beets many years in succession in 
the same fields. In consequence of this 
ill advised procedure, diseases and pests to 
which the beet is susceptible became gen- 
erally established and much land was. thus 
unfitted for the further cultivation of sugar 
beets. 

Among other diseases overtaking this 
valuable crop was one whose present ap- 
pellation, Riibenmiidigkeit, was originally 
applied to a supposedly exhausted condi- 
tion of the soil, which was thought to have 
become deficient in certain necessary min- 
eral plant foods through the repeated culti- 
vation of sugar beets on the same land. 
The soil then was said to have become 
“beet tired” or “beet weary.” 


At first gradually, then with increasing 
rapidity, this condition became more wide- 
spread, until its effects were not less than 
disastrous. This disease of the sugar beet 
has now long been associated with the 
attacks of the sugar beet nematode, or 
eelworm, Heterodera schachtii Schmidt. 

The dire consequences of this nematode 
invasion recently have been graphically de- 
picted by Spiegler (1907), a student of Holl- 
rung and Kiihn, who has had an extended 
practical experience in the beet sugar indus- 
try. According to Spiegler, the beet in- 
dustry was at its heyday in the seventies. 
Not satisfied with the land already in culti- 
vation, the farmer nlowed fertile meadows 
along the border of river and stream 
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wherein to grow sugar beets. At this time, 
incredible as it may appear, beets were 
grown on the same land eight to ten years 
in succession, and not seldom were yields 
of 20 to 27 tons an acre obtained. 

Such bountiful yields stimulated specula- 
tion. More and more was meadow and 
outspreading forest taken over for beet 
culture. Finally such irrational conduct, 
through constantly repeated beet growing, 
rapidly caused an increase of sugar beet 
pests, especially of the nematode, thus ren- 
dering improbable or impossible further 
beet culture in those places. 

Where the nematode had thus become 
established, sugar beets no longer throve, 
despite heavy applications of manure and 
commercial fertilizers. : 

After the fat years followed lean ones. 
The gain, squeezed from the land by many 
years of forced beet culture, was lost. Beet 
soil, once so productive, again reverted to 
meadow land. 

It might be supposed that the farmer, 
after such an experience, would prevent 
further injury, by the adoption of a ra- 
tional system of crop rotation and the re- 
striction of beet culture. However, such a 
supposition was not borne out by facts. 
The earlier ignorance as to the true cause 
of beet weariness was succeeded by the 
greatest incredulity when it was made 
known that a tiny eelworm was the source 
of the trouble. 

About this time various conditions con- 
spired temporarily to make the price of 
beets very favorable to the growers, so 
that they began anew to force the cultiva- 
tion of sugar beets, and in this manner, 
with equal certainty, to spread the nema- 
todes. In many beet-growing districts, not 
only the proprietors of sugar factories, but 
also large and small tenant farmers, and 
even small landowners, mistreated their 
fields in this way. As though this were not 
bad enough, nematodes were propagated 
and spread by the million in numerous 
other ways, as by the use of slime from 
the waste water of the sugar factory, and 
of compost mixed with nematode-infested 
soil, applied to the land as fertilizers. The 
planting of seed beets grown in infested 
fields carried the parasite to still other 
fields. Thus, through ignorance, the dan- 
gerous pest was introduced under conditions 
most favorable to it. 

As the nematodes constantly gained head- 
way, the yield of beets continued to de- 
crease until finally beets were harvested 
that, in shape and qualitv. were unfit for the 
factory. Attempts were made by over- 
manuring to restore normal yields—a prac- 
tice in itself extremely injurious to both 
beets and other crops. 

Spiegler had sown grain in such fields, 
but despite the fact that as much as 7] 
pounds of seed per acre was sown, accom- 
panied by favorable weather, the grain was 
completely “lodged,” and the yield was un- 


satisfactory in both quality and quantity. 
He said: 


“The condition of our agriculture ever 
grows critical; grain and beet prices are 
low, while labor, fodder, and manure are 
enormously dear, yet our crops are con- 
stantly menaced by this and other pests. In 
the interest of the whole industry, it then 
behooves us to unite in fighting the greatest 
enemy of the sugar beet.” 

This striking picture should aid the far- 
mer and the beet sugar manufacturer of 
the United States to realize the nature and 
extent of the menace offered by the nema- 
tode to this promising industry; a menace 
not merely probable or remote but, unfor- ~ 
tunately, already present. : 

The necessity of an immediate recogni- 
tion of the fact that this pest has already 
become established in several of the older 
beet districts of the United States, that it 
is locally as disastrous where established 
in this country as anywhere in Europe, and 
that hitherto practically no steps have been 
taken either to check or eradicate it or to 
prevent its wider distribution is urged. 

In order to save the industry in this 
country from enormous losses and _ bitter 
experiences comparable to those endured 
by European beet growers, no time should 
be lost in putting into operation preventive 
measures. 

The studies and experiments of the best 
European agricultural scientists, extending 
over more than half a century, should guide 
us to an intelligent and effective method of 
coping with the problem before it assumes 
greater proportions. : 


HISTORY OF THE BEET NEMATODE INVASION IN 
EUROPE. 


Although Achard’s experimental factory 
for the manufacture of beet sugar was op- 
ened at Cunern in Silesia in 1799 (Robert- 


son-Scott, [1911]), and the actual cultiva- 
tion of the sugar beet was begun in 1802 
(Briem, [1895]), the growing of beets and 
extraction of sugar from them was carried 
on only experimentally in Germany, Aus- 
tria-Hungary, France and Russia for the 
next 30 years. In 1812, Achard’s factory 
worked up only about 4,960 pounds of 
beets daily. Factories handling as many as 
6% tons to 8% tons of beets per diem were 
considered large for that time. How- 
ever, as early as 1836 there were in Ger- 
many as many as 21 factories. The indus- 
try then began to extend so rapidly that in 
1860 there were 184 factories. Ten years 
later no less than 304 factories were in op- 
eration, which handled 3,364,760 short tons 
of beets. (Eisbein, 1895.) 

During this decade of marvelous devel- 
opment, news began to spread that the yield 
of beets was beginning to fall off. An ex- 
amination revealed the fact that indeed both 
yield and quality were suffering. The agri- 


cultural chemists of that day came to the 
conclusion that, through the repeated crop- 
ping and intensive culture of sugar beets, 
the soil had become almost exhausted of 
certain mineral foods necessary to them. 
Beets no longer throve in certain tracts of 
land. The above conclusion was reachced 
on the ground that beets made a heavy 
drain on mineral salts in the soil, espe- 
cially potassium salts. For example, a yield 
of 20 tons of beets to the acre, with foliage 
weighing 4.8 tons, takes from the soil 104 
pounds of nitrogen, 224 pounds of potas- 
sium oxide and 45 pounds of phosphorus 
pentoxid. It was found that the ash of 
affected beets contained a smaller percent- 
age of potassium salts than that of healthy 
ones. Thus it came about that the disease 
was assumed to be catised by’ potassium 
starvation. As a logical result of this con- 
clusion, large sums of money were expend- 
ed annually for fertilizers containing potas- 
sium salts with which to replenish the sup- 
posedly exhausted soil. This alleged ex- 
haustion of the soil was named Riiben- 
midigkett, or “beet-weariness.” (Wimmer 
[1903] and Liebscher [1878].) 

Through the contributions of Julius Kihn 
(1881, 1882) and the researches of Liebscher 
(1878) the true cause of this beet malady 

“was at length discovered. By them it was 
shown indubitably that an eelworm, or 
nematode, already discovered as early as 
1859 by Schacht. (1859), was the real cul- 
prit. However, the name applied to the in- 
fested soil was retained and still is com- 
monly applied to the symptoms shown by 
beets suffering from the attacks of this 
eelworm. 

A thorough study of the anatomy and 
morphology. of the beet nematode was car- 
ried out by Adolf Schmidt (1871), and later 
by Strubell (1888), Chatin (1888, 1891), 
and others. 

The gravity of the situation may be ap- 


preciated on learning that in 1876, according” 


to Rimpau, no less than 24 beet-sugar fac- 
tories were closed on account of the rav- 
ages of the beet nematode. 

In 1889, an experiment station was found- 
ed, with an annual appropriation of 7,000 
marks, to study methods for the destruc- 
tion of this pest, under the able direction 
of Hollrung. (Wimmer, 1903.) 

Scarcely had the ill effects of the nema- 
tode been demonstrated in Germany, when 
Prillieux, in 1879, made known its wide 


distribution in France; E. Warming (1879) 
in Finland; Chatin in Holland; and Lieben- 
berg, Strohmer and Vafha in Austria. 
Through the investigations of Aimé Girard 
(1884) the alarming extent of the devasta- 
tions in the beet districts of France was 
revealed. This pest had then already be- 
come widely spread in Bohemia, but no 
one was able to specify the time.or manner 
of its introduction. The first account of 
the matter appeared in the Chrudimer 
Landwirtschaftliche Zeitung of July 831, 
1886, in a paper by Lad. Jozek. In 1890, 
Vejdovsky contributed another paper in 
the Zeitung fiir Zuckerindustrie in Boch- 
men. (Hollrung, 1890). 

As already stated, the beet nematode was 
first discovered and described by Schacht 
(1859). Schmidt (1871, 1872) investigated 
the pest in 1870, and named it Heterodera 
schachtii. During the years 1866, 1870, 
1871, and 1877, it received the attention of 
Leuckart, Ph. Greeff, Redekewic, Orley, G. 
Dureau, and others. Kitthn (1881, 1882) 
was the first to demonstrate that the in- 
juries shown by the beets were due to the 
attacks of the béet nematode. 

The most notable data on the anatomy 
and physiology of the beet nematode were 
contributed by A. Strubell (1888), while 
the earliest zoological researches were con- 


ducted by J. Chatin (1891). Vaftha and 
Stoklasa in 1896, described minutely its 
phytopathological significance. Neméc, in 


1910 and 1911, studied and described the 
histological changes and disturbances in- 
duced by the attacks of the sugar beet 
nematode in the tissues of beet rootlets. 
Very recently Fuchs (1911) has made im- 
portant additions to our knowledge of .the 
brown cyst or preservation form of ‘this 
nematode. 

In 1907, Spiegler (1907), who siudied 
under Ktthn and Hollrung, very graphically 
summarized the history. of the nematode in- 
vasion in Germany. The student is re- 
ferred to Stift’s Zur Geschichte der 
Riibennematoden,’ for a complete historical 
review of this subject, chronologically ar- 
ranged. 

The stigar-beet nematode is a _ great 
enemy, and has been a formidable menace 
to the beet-sugar industry of Europe, but 
at the present time, through a better under- 
standing of its nature, it is becoming less 
feared. The discussion of the subject is 
still taken up with frequency and at length 


in the literature of Europe in a manner 
indicating clearly that the problem is a 
grave one. 

It is not definitely known when this pest 
was introduced into the United States, but, 
judging from the degree to which it had 


become established in 


on account of the stiff soils prevalent there. 

A recent survey (1912) shows that this 
nematode is steadily spreading in the above- 
mentioned localities, but that apparently 


there are still many districts into which it 
has not been introduced. 
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PLATE II. 
Typical condition of sugar beets when rootlets are infested with beet nematodes. 


(Twice naturai size.) 


tricts of California and Utah, when ob- 
served by Bessey in 1907, it must have 
gained admission quite a number of years 
prior to his survey. In these localities its 
Bbecomeestablisted=tr : di 

spread was at first rather slow, probably 
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Photographed by the author, 


SYMPTOMS PRODUCED IN THE BEET THROUGH 
NEMATODE ATTACKS. 
The effects of nematode attack frequently 


appear in restricted areas and sharply de- 
fined spots in beet fields, but may extend 


over entire fields. (Pl. I.) Toward the 
end of July, or early in August, spots may 
be noted where the beet foliage has assumed 
a lighter tint than is normal, and the leaves 
droop until they lie prone upon the ground. 


they also die. Then the crown may become 
blackened with a rot which might pene- 
trate the root and finally cause the flesh 
of the beet to become brown and limp. 
This rot is to be attributed to a bacterial 


PLATH Il. 


A sugar beet affected with curly-top. 
eral rootlets, known as 


The outer leaves become yellowish, spotted 
and generally discolored, then wilt and die. 
The inner leaves fail to attain normal size, 
and when the plant is severely attacked 


Showing the -characteristic dense mass of lat- 
“whiskered beet.” 
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Photographed by the author. 


or fungous invasion due to the weakened 
condition of the beet and is not directly 
caused by the nematodes. Should the at- 
tack be not very severe, the beet may sur- 


It 


dés 


d, but it has been 


ascertained that practically no nemato 
are to be found on badly wilted beets. 


not been fully determine 


these, however, do 


not attain normal size, are often curled 
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PLATE Iv. 


Structure of Heterodera schachtii,— 


e 55.) 


fea 
5S 


(After Strubell.) 
is probable that 


(For detailed explanation see va. 


and distorted, and assume 


color. 


seek fresh 
y the pest 


in many cases the worms 
eets to 


leave badly affected b 


plants. 


Plants thus deserted b 


-green 
covery, 
es, has 


dark 
The cause of this partial re 


z 
with the growth of new heart leav 


are able, in many instances, to make a suf- 
ficient degree of recovery to put out new 
leaves. Since all the older leaves have 
died these dark green heart leaves are very 
conspicuous and characteristic. In very 
badly infested fields, the first symptoms 
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through the successive death of new 
growths of rootlets, each set taking up the 
functions of the dead ones of the preced- 
ing growth. Finally. a striking appearance 
is presented by the dense mass of rootlets, 
a phenomenon that has earned the names 


PLATE V: 
Comparison of Heterodera schachtii and H. radicicola. 
(For détailed explanatien see pase 5ds)s 


may appear a3 early as the beginning of 
June, and under unfavorable conditions the 
beets may die before the end of that month. 
_ Affected beets form an abnormally large 
number of lateral rootlets. This occurs 


“hunger roots,” “bearded roots,” “hairy- 


foot,’ ete, (PIL “his: phenomenon 
appears to be almost identical with 
that produced in severe cases of the 


‘curly-top disease_of beets, (Shaw, 1910), 


and locally known in this country as 
“whiskered beets.” (PI. III.) 
Numerous milk-white beads, 0.8 to 1.3 


millimeter in diameter may be observed on 
the fine rootlets. These ace the protruding 
bodies of adult female nematodes. (Pls. Il, 
and IV, fig. 9.) Occasionally small 
swellings may be seen on the _ rootlets. 
(Pl. IV, fig. 5.) These occur chiefly where 
larvee have been at work for a short time. 
When many of these occur close together, 
the resemblance to the swellings and galls 
caused by the root-knot nematode, Hete- 
rodera radicicola, may be quite marked, but 
later the swellings are absorbed or buried 
in the continued growth of the roots. 
(Marcinowski, 1909). According to Holl- 
rung (1891) nematodes are no longer to be 
found on the roots during the last stages of 
the disease. This is corroborated by Lieb- 
scher, who states that no nematodes are to 
be found on dead or dying beets in badly 
infested fields. On the other hand, they 
were found on beets that had made some re- 
covery, or shown resistance, and had pro- 
duced the above described dark green foliage. 
Sorauer (1906) states that in Europe the 
disease has two periods of great severity, 


namely, the beginning of June and of 
August. 
THE CAUSAL PARASITE. 
The sugar-beet nematode, Heterodera 


schachttt, Schmidt, (H. gdttingiana, Lieb- 
scher), has received the attention of many 
European investigators for more than half 
a century. Additions made from time to 
time render the knowledge of it fairly com- 


plete. The following is a summary of a 
more detailed description by Strubell 
(1888) : 


Male Nematode—The male nematode is 
cylindrical, distinctly banded, from 0.8 to 1 
mullimeteralong, CRla IVa nics 02 Pls Vane: 
1). At the anterior extremity is a 6-rayed, 
cuticularized, cup-shaped, circular protuber- 
ance, formed by an annular depression 
called “the lips.” The. posterior end is 
spindle shaped, somewhat flattened, termi- 
nating in a slightly constricted and rounded 
end, the extreme tip being hooked and bent 
toward the ventral side. The intestine and 
single testis are straight. The spear is large 
(Pl. IV, fig. 4), as are also the two equal- 
sized spicules. 

Female Nematode.—The female nematode 
(Pl. IV, figs. 8 and 9; Pl. V, fig. 6) is from 
0.8 to 1.3 millimeter in length, yellowish 
white in color and broadly oval, with a 
narrow necklike anterior portion, the pos- 
terior part becoming spindle shaped and 
containing the vulva. The anal opening is 
dorsal. The cuticle is thickened and with- 
out rings, but is armed with transverse, ir- 
regular rugz. Often the body is covered 
with thin, translucent, tattered remnants of 
the larval skin. The anterior end is with- 
out lips, though generally covered with yel- 
low to red globules derived from the sap 
of the sugar beet. The spear is smaller 
than that of the male. From the vulva 
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there is sometimes suspended a gelatinous 
body, as large as the worm itself, namely 
the egg sac, containing the eggs, and 
formed of a hardened secretion exuded 
from the inner sexual organs. 


BIOLOGY OF THE PARASITE, 


Within the body of the dead aduit female 
(Pl. IV, fig. 8) may be seen as many 
as 350 bean or kidney-shaped eggs (PI. 
V, fig. 8a), having an average length 
of 0.08 millimeter and a width of 0.04 
millimeter, together with some larval 
worms. Under the influence of the tem- 
perature and moisture of July and August, 
the body of the dead adult female becomes 
so swollen that the vulva is mechanically 
opened and the larve are able to escape. 
During dry summers this may be pestponed 
until September, or even later. The worm- 
like larves. (Pie fie. Pll Vito 2) 
are about 0.36 millimeter in length and 0.016 
millimeter in thickness and are provided 
with lips like those seen in the adult male, 
but the posterior end has an _ clongated 
though somewhat rounded and_barrel- 
shaped termination. The comparatively 
large spear (Pl. IV, fig. 2) has at its basal 
end three spherical swellings that are 
hooked or bent upon the upper side. The 
sexual organs are in an embryonic condi- 
tion. On the host plant, the larve seek 
lateral rootlets having an average diameter 
of 1 millimeter and bore into their peri- 
pheral portions, leaving the central vascular- 
bundle area untouched. The first molting 
takes place shortly after the larve enter 
the root. The lips around the mouth parts 
are replaced by a small, ring-shaped mouth 
opening composed of chitin. The larval 
spear is replaced by a smaller one, destitute 
of the curved terminations to the three 
basal swellings. Following the moiting, the 
body of the worm assumes a sac shape, 
having the general form of a flask or club, 
with a prolonged anterior portion, and a 
subcylindrical posterior portion, in the 
middle of which is located the anal open- 
ing (Pl. IV, fig. 3). At the same time the 
tissues of the root, inclosing the worm, be- 
come swollen (Pl. IV, fig. 5). 


From this point the development of the 
female becomes entirely different from that 
of the male. It gradually assumes a more 
globular form, the anterior portion being 
in strong contrast to the posterior. The 
double ovaries rapidly develop, and the in- 
testine becomes greatly enlarged. The 


vulva changes its position from the ventral 
side to the posterior end, becomes swollen 
in form and protrudes from the body. 
CEDS LY, figs'8's) PLLV, zig 6.) The anal 
opening is now located upon the dorsal side 
of the worm. The outer layers of the root 
become ruptured by the growing female, 
the posterior end of which protrudes, so as 
to afford opportunity for fertilization by 
the male (Pl. IV, fig. 9). The muscles and 
the intestine become more and more com- 
pressed by the ‘rapidly growing ovaries. The 
entire body of the now greatly enlarged 
female is at this period outside of the root, 
except its mouth parts, which are firmly 
fixed within the tissues. By the time the 
eggs are fully mature the female dies and 
becomes disconnected from the root. Its 
skin is brown, of a tough texture, and in- 
closes not only the eggs, but larve devel- 
oped from them. 

In the case of the male, the early, larval, 
flask shape (PI. IV, fig. 6) is soon lost, and 
during the succeeding metamorphosis the 
small anterior spear is replaced by a more 
robust one (Pl. IV, fig. 4). The adult male 
breaks through its larval skin, as well as 
through the tissues of the root, and escapes 
into the soil, through which it travels in 
search of the female. After conjugation 
‘it soon dies. The development of the fe- 
’ male occupies four to five weeks, so that in 
a single season as many as six or seven 
generations of this nematode may be pro- 


1The studies of Chatin, and later, of Fuchs, 
show that not all adult females assume this 
brown stage, which is a condition quite dif- 
ferent from that. of the mature, living fe- 
male. Those females which do not reach 
the ‘“‘brown cyst’’ stage fall off the rootlets 
on the approach of cool weather and perish, 
together with the eggs and larvae they, may 
contain. Sueh larvae as may have been able 
to hatch out during mild weather in the late 
autumn, also die when cold weather super- 
venes. Comparatively few of the females 
of the generations produced during the early 
part of a season, and throughout the sum- 
mer, reach this brown, tough condition; in- 
stead, while still of a whitish tint, and when 
their eggs are mature, they die and fall 
from the rootlets. Thereupon the eggs begin 
to hatch and the larvae to emerge and seek 
suitable host plants. Even during the sum- 
mer, however, a small percentage of the 
adult females undergo this change, so well 
described by Chatin and Fuchs. (See 
chapter on the brown cyst.) As the autumn 
advances, accompanied by cool weather, the 
proportion of females assuming the brown- 
cyst form becomes progressively greater. 
The brown cysts fall from the rootlets into 
the ground, and there protect the eggs which 
they contain against the vicissitudes of the 
winter; and, should later conditions be un- 
favorable to their further development, the 
eggs may still be preserved in the ground 
for years by the tough integument of the 
cysts. 


cuced. Strubell states that in the case of 
thin rootlets it frequently happens that only 
the head of the nematode is introduced, the 
rest of the body remaining without. 


DIMENSIONS OF THE BEET NEMATODE. 


Marcinowski (1909) confirms Strubell’s 
(1888) description as a whole, but makes 
the following corrections in the measure- 
ments of the former: 

Strubell states that the length of the 
male is 0.08 to 0.09 millimeter, with 1 milli- 
meter as the longest, while Marcinowski 
found some males 1.37 millimeters long. 
COMPARISON WITH HETERODERA RADICICOLA. 

In order to facilitate the determination 
of the two species shown in Table JI, Bessey 
(1911) points out certain differences be- 
tween the beet nematode and the root-knot 
nematode, Heterodera radicicola. 

The measurement formule, as given be- 
low, according to the system of Cobb (1902) 
are based (1) on the actual measurement 
of the drawings of Strubell, and (2) on 
the average size of the worms. 

Formula 1. of each pair represents the 
actual measurements of the drawings re- 
ferred to. Formtila 2 is based on the aver- 
age size of the nematode itself. The num- 
bers above and below the line represent 
percentages of the total length of the worm. 

The Cobb system is as. foliows: The 
numbers above a given horizontal line rep- 
resent the longitudinal measurements, while 
those below the line indicate the diameter 
of the worm at those points. The number 
at the end of the line represents the total 
length of the worm or drawing. 

For example: In figure 1 the first number 
above the outline (1.5) indicates the length 
of the lips, and the first number below the 
outline (3) indicates the diameter of that 
portion of the head part. ‘The second num- 
ber above the line (8.7) represents the dis- 
tance from the anterior extrernity of the 
animal to the bottom of the pharynx or 
buccal cavity; the second number below 
the outline (6) represents the length of 
the body diameter which passes through the 
base of the pharynx. The third number 
above the outline (26) gives the distance 
from the. anterior extremity to the center 
of the nerve ring, and the number directly 
below (6.5) represents the corresponding 
body diameter. The fourth pair of num- 
bers (31 and 6.5) are the measurements 
relating to the posterior end of the 


cesophagus, or base of the neck. The fifth 
number ‘above the outline corresponds to 
V., in Formula 1, for the first larval stage 
and indicates the position of the vulva, 
while the number below (6.2) shows the 
diameter at that part. The last pair of 
numbers (100 and 4.7) are the distances 
from the anterior extremity to the anus 
and the diameter at that point. 

THE. BROWN-CYST OR PRESERVATION STAGE. 

The more elaborate studies of Chatin 
(1887) especially on certain modifications 
undergone by the pregnant females under 
some conditions, are of great impcrtance. 


First larval stage: 
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V =the vulva. 


The following is a translation of Chatin’s 
two papers on the “brown-cyst” form: 


Among nematodes parasitic on vegetables 
there is one which has in recent years 
gained especial notoriety. This is Hete- 
rodera schachtii, which lives on the roots 
of several plants, but chiefly on the sugar 
beet. The larve, small and tenuous, penetrate 
the rootlets, then become transformed into 
the adult stage, in which they present con- 
siderable sexual differences. The males 
alone retain the classic and filiform shape 
of nematodes, while the females, swollen 
by the development of the eggs, very soon 
present the form of small, ovoid, whitish 
masses, their cephalic extremity being em- 
bedded in the cortex of the roots. These 
facts are well known today, but several 
points appear to have escaped the authors 
(Kithn, Strubell, etc.) who have  at- 
tempted to learn the history of this re- 
markable worm. Several variations in the 
thickness and color of the integument of 
the female have been noted. A vague 
allusion to this has been made by Strubell. 

During the warm season, the pregnant 
females are very quickly disintegrated by 
the rapid enlargement which their bodies 
undergo, and by the liberation of the eggs 
and larve contained in the body sac, but 
under certain circumstances, and especially 
on the approach of winter, it has been es- 
tablished that important changes take place 
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in some of these females—changes that 
are of special interest. ; 

The epidermis, at first very thin, pro- 
gressively thickens. Its glands furnish an 
abundant secretion that forms an aggluti- 
nated mass of organic and mineral sub- 
stances, thus surrounding the females with 
a kind of cyst or sac of mixed character. 
During development, this cyst ends by cov- 
ering the buccal and vulvular openings. The 
spear, which the parasite has fixed in the 
vegetable tissues, can not, as formerly, per- 
form its functions. All connection is then 
broken between the worm and host plant. 

One no longer sees an animal, but a cyst 
filled with eggs, which now falls into the 
mixture of rootlets and soil. The shape 
of the cyst is variable—ovoid, navicular or 


115 mm.= Actual measurements of draw- 
ineu( Pls Vitis ie 


87 0.35 mm. = Average length of larva (formu- 


la in percentages). 


200 mm. = Actual measurements of draw- 
ine, (PIA Vie hori. 


1 mm. = Average length of male (formula 
in percentages). ‘ 


-M. = one straight testicle extending forward. 


biconical. It measures, on the average, 0.6 
millimeter in its longest diameter. It is of 
a brownish color, and is protected by very 


thick and scarcely permeable walls. It is 
now apparent in what respect it differs 
from the ordinary: pregnant female. The 


latter has a white tint and a very thin and 
variable epidermis that is broken by the 
slightest shock, or under the least osmotic 
pressure. 

It is easy to explain how a cyst thus 
constituted may survive the winter season 
and afford a strong protection to the in- 
closed eggs. More slowly, under the in- 
fluence of conditions favorable to its de- 
hiscence, the walls become distended, soften, 
and finally allow the eggs and larve to 
escape. The eggs hatch, and the larve, 
reaching the adjacent rootlets, attain their 
complete development; the females become 
impregnated, and the parasite is rapidly 
multiplied. The phenomena accompanying 
the bursting of the cyst and the liberation 
of eggs and larve require for their accom- 
plishment a period varying with the tem- 
perature, humidity, etc. I carried out the 
following experiment: At the end of May, 
the average temperature of the room be- 
ing 12° C,, I placed some brown cysts in a 
glass dish with a small quantity of moist 
soil. At the end of nine days young worms 
appeared in fairly large number. 

It scarcely need be added that the soil 
used in this experiment came from a spot 


that had never been cultivated with any 
plant infested by nematodes, and which I 
am sure from repeated observati ions had 
never contained H. schachtii before the 
cysts were placed in it. 

The formation of the brown cysts, then, 
brings about a condition especially favor- 


HISTOLOGY OF THE BROWN CYST. 


In a later paper, Chatin describes the 
histology of the brown cyst, as follows: 

I. In making known the method of for- 
mation of the brown cysts that protect the 
eggs of Heterodera schachtii during the 
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FIG. 1. 


able to the propagation of the species and 
enables one to understand the failure of 
most of the methods that have been at- 
pes for the destruction of the nema- 
tode. 

An understanding of these cysts is equally 
. important in researches on the parasite. In 
spring, when one examines beets taken from 
silos, there can not be seen any white body 
on the rootlets, or any trace of nematodes 
on the surface of the beet. Thus, one might 
conclude that nematodes are absent, but 
before reaching such a conclusion it would 
be necessary carefully to wash the mixture 
_of soil and rootlets and examine it under 
~a lens. Quite frequently there would be 
discovered, mixed with the grains of sand, 
from which it would be difficult to dis- 
tinguish them, these small, brown cysts, 
which, as we have seen, present a double 
interest for both the biology and _ pro- 
phylaxis of the worm. 


winter, and powerfully contribute toward 
an assurance of the propagation of the 
parasite, I have to refer to modifications 
taking place in the integument of the preg- 
nant female, and would add that this ob- 
servation was a particularly delicate one. 
The microscopic dimensions of the worm, 
the tenuity and slight differentiation of 
certain tissues, the rapidity with which the 
phenomena that’ accomplish this succeed 
each other, etc.,*create numerous difficul- 
ties and enforce considerable reserve in an 
interpretation of the results obtained. 

II. When the integument of a young, 
adult female is examined by means of col- 
ored reagents, it may be observed to con- 
sist of an epiderm and an endoderm cov- 
ering the somatic musculature. The epi- 
derm presents two distinct lavers: (1) 
Superficial or striated, and (2) deep or 
fibrous. The superficial layer is  trans- 
parent, refractive, and, for the most part, 


Taste 1L—Measurements of the sugar-beet nematode. 
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Taste I]—Comparison of the sugar-beet and root-knot nematodes. 
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No galls (Pl. II) 


Points. 
=ffect on host. 


Location of mature External; anterior end only with- 
in tissues of root (Pl. IV, fig. 


female. 


Ne 


Shape of female, 
external <ppear- 


ance. : 
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Eigiosaies eserenaicavele Part deposited outside body, but 
most developing within. 

I2aT VAS Grates ce Buccal spear about 25 uw (Pl. IV, 
fig. 2). 

Mature male..... Buccal spear about 30 » (Strubell, 
1888; Pl. IV, fig. 4). 

resistant to chemical agents, especially 

alkalies; it possesses graceful, circular 


strie, due to the presence of annular seg- 
ments, separated by fine grooves; the deep 
layer, very difficult to distinguish, is gen- 
erally thin, and appears to be formed of 
intersecting fibers. 


The endoderm is here represented by a 
granular layer, in which some nuclei may 
be seen very clearly, but they are not 
abundant. A real cellular structure can 
not be discovered, even with an immersion 
lens or by varying the technic. 


Immediately below that layer appear 
muscles in iongitudinal bundles, sunning 
obliquely and less symmetrically than _in 
the male. During this period the thick- 
ness of the muscular layer is always very 
noteworthy. 

Ill. The first change observed in the 
tissues after fecundation is to be seen as a 
diminution in the number of auclei in the 
endoderm; simultaneously, the whole of 
that zone becomes more transparent. The 
epiderm and musculature remain normal. 

IV. Soon the female rapidly enlarges, 
and a progressive diminution in the thick- 
ness of the musculature is to be seen. This 
consists of a kind of delamination. The 
result of this modification is easily appre- 
ciated. It causes a marked attenuation of 
the entire dermo-muscular tube. 

V. In the following stage the tendency 
just described appears to be arrested, and 
one is tempted to accord to the musculo- 
cutaneous envelope an importance equal to 
that possessed by it at the beginning of the 
observations, but a careful analysis always 
shows considerable differences; the muscu- 
lar layer, as first developed, becomes thin- 
ner and thinner, but this is masked by the 
changes that take place in the endoderm. 

It has been seen (III) that the endoderm 
shows but a few scattered nuclei. The 
number of these now augmenis in a_re- 


schachtii. 


Mostly lemon shaped, dull and 
flaky in appearance; no trace of 
transverse rings (Pl. IV, fig. 8; 
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H. radicicola. 
Produces galls on roots (PI. VI). 


Usually entirely within tissues of 
root; more rarely the posterior 
portion, very rarely nearly the 
whole body external. 


Pear or flask shaped, glistening, 
and pearly white; transverse 
rings of cuticle often visible on 
anterior portion (Pl. V, fig. 7). 


All but the last few deposited 
outside the body. 


Buccal spear about 10 to 15 wu. 
Buccal spear mostly about 24 u. 


markable manner. Their division brings 
about a certain symmetry, and the spaces 
which separate them become more nearly 
equal. The structure of the endoderm will 
never approach more closely that of the 
cellular lamina. However, I hesitate to 
employ a term that expresses an approach, 
rather than a real assimilation, the celluiar 
fiell being always very indistinctly indi- 
cated Another fact serves to show that 
the evdoderm at this time acquires a spe- 
cial «walue. Simultaneously with the 
proliferation just mentioned is the appear- 
ance of viscous and refractive globules col- 
lecting on the surface of the epidermis. 
This secretion, or exudation, is not found 
to take place from the pores of the epi- 
dermis, of which no trace is discovered, 
but from local ruptures in it, as it gives 
way under the enormous growth of the 
body when distended with eggs. 


VI. The muscular layers having now 
disappeared, scarcely a last vestige of them 
can be discovered in a thin bandlet anplied 
to the endoderm, which itself is greatly 
attenuated and may be mistaken for the 
epiderm. The ultimate fate of this varies 
according to conditions. If the eggs are 
immediately to be set free, the epiderm 
is ruptured at several points, and, after 
having resisted longer than the other 
tissues, at length, in turn, disintegrates. If, 
on the contrary, the eggs are to remain in 
the brown cyst, the latter is formed by 
means of the above-mentioned exudation, 
which agglutinates the surrounding particles 
and unites the fragments of the integument 
into the protective shell already described. 


VII. The facts recited are interesting 
from several points of view: (1) Concern- 
ing the histology of the nematodes, they 
show that the integument and the muscula- 
ture, may manifest, at the same stage of 
evolution, different, even inverse, modifica- 
tions, which should now be clearly dis- 


tinguished, in spite of assertions to the con- 
trary by several authors; (2) in their proc- 
esses and effects certain transformations 
in the integument resemble some _histo- 
logical phenomena observed in other in- 
vertebrates; (3) the brown cyst is of 
mixed adventitious origin, and can neither 
be ascribed to a pathological neoplasm ap- 
pearing in the tissues of the host, nor to 
an induration of the integument—of the 
worm; (4) the prophylaxis, subordinated 
to an acquired knowledge of the biology of 
the parasite, may equally be inspired by 
the preceding conceptions, for it is likely 
that we should try above all to get at the 
mothers at the stage when their integu- 
ments, disorganized by the complex his- 
tological modifications, can no longer assure 
them a sufficient protection. 


STRUCTURE AND SIGNIFICANCE OF THE BROWN 
CYST. ; 


The more recent researches 
(1917) on the brown-cyst stage of the 
female of Heterodera schachtti have re- 
vealed facts of such importance to a proper 
understanding of the life history of this 
eelworm (facts which may also suggest a 
proper course of action for effectively com- 
bating the pest) that, as with the memoirs 
of Chatin, no apology is offered for pre- 
senting his contribution almost entire. 

He stated that the cyst is preeminently 
the preservation form of the worm, a form 
making it possible for Heterodera schachtu 
to overwinter without plant food; and in 
the warm season, in the absence of proper 
host plants, to retain the contents in a 
viable condition until suitable food plants 
may again be present. 

It would be an error to conclude that a 
brown cyst arises from every female, or 
that the cyst is simply a dead, mature fe- 
male—a view held by all the earlier investi- 
gators, with the exception of Chatin. On 
the contrary, special changes must take 


of Fuchs 


place, precursors of the cyst form. All fe- _ 


males that do not undergo these changes 
fall from the rootlets at their death and 
perish during the same year. In the latter 
case, the eggs and larve are liberated, if 
the season permit, and are then able to in- 
fest new plants. However, should autumn 
have arrived with its cool weather and con- 
ditions unfavorable to the young brood, 
these eggs and larve perish, since they are 
not in a state to overwinter in a free con- 
dition in the soil. 

He convinced himself of this in the fol- 
lowing manner: A large number of the 
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brown cysts were carefully opened with a 
scalpel, allowing the tiny larve and multi- 
tude of eggs to float in a 0.75 percent solu- 
tion of sodium chloride, being careful in 
the operation to avoid injuring the eggs. 
The above solution was chosen after the 
example of Strubell, who has observed that 
the eggs develop in a perfectly normal man- 
ner in that solution; while equally in pure 
water and in stronger solutions they perish 
more or less rapidly. Then this solution, 
abundantly laden with eggs and larvze, was 
filtered through glass wool, through which 
the eggs and larve could easily pass, the 
cysts being held back. This solution was 
allowed to run into vessels of sterile soil, 
which were then (November, 1909) set out 
in the garden, remaining there during the 
winter of 1909-10. In April, 1910, some 
Sinapis alba was sown in these pots, and 
after three weeks and again four weeks 
later, they were examined. Not a single 
worm could be found on these occasions, 
although plants in a control pot containing 
soil infested with cysts, and in which white 
mustard had beef sown, when examined at 
the same time were found to be abundantly 
infested with larve, although the soil of this 
pot had been exposed to the same degree 
of cold. 

Should the female, however, be changing 
into the preservation form, modifications 
which come about shortly before the death 
of the creature may be observed. Through 
the sudden enlargement of the genital ap- 
paratus, great egg production and an entire 
absence of any movement whatever, the 
muscles are reduced to small, often scarcely 
perceptible bands, which adhere closely to 
the epidermis. These are covered by a 
strongly developed cuticle, upon which the 
larval cast lies in patches. 

Should the female now be so far devel- 
oped as to have reached the lemon stage, on 
account of copious egg production, con- 
spicuous changes may be seen to take place 
in the epidermis. Simultaneously, the nu- 
clei multiply. and the surrounding pro- 
toplasm becomes more opaque, and very 
refractive droplets are formed within it; the 
latter then being exuded through the 
epidermis. Chatin, who had already ob- 
served this, was of the opinion that these 
droplets came to the surface only through 
ruptures in the skin, caused by the sudden 
swelling of the creature. However, Fuchs 
more frequently saw the droplets in por- 


tions of the skin that were entirely unin- 
jured, and was convinced that they exuded 
through pores. The exuded drops coalesce, 
congeal, and thus form a covering over the 
dead female. In the construction of this 
protective covering, the cuticle, as well as 
the remnants of the larval skin, the epi- 
dermis and the scanty remains of the mus- 
culature, are also closely cemented and 
bound together; the earlier gall-like masses 
from the vulva (Pl. V, fig. 8d) have par- 
tially assisted, the final result being the 
brown cyst which surrounds the now com- 
pletely dead body. This brown cyst no 
longer shows signs of life. It is only a 
protective sac capable of resisting climatic 
influences for a long time. Its contents, the 
eggs, in this manner are enabled to retain 
their viability and power to develop, while 
if unprotected they would in winter come 
to an untimely end. Although the cysts 
possess the special function of overwinter- 
ing the nematode, they could not be called 
winter cysts, because cysts also are formed, 
though in smaller number, in summer. 


PERIOD OF CYST FORMATION. 


After a study of Chatin’s work, Fuchs 
made experiments during the entire summer 
and autumn. On each occasion a_ large 
quantity of soil, containing numerous 
nematodes, was thoroughly mixed with 
water. After allowing the mixture to 
settle, the supernatant water, containing an 
abundance of eggs, larve and cysts, was 
filtered through glass wool. Larve and 
eggs passed through, but the larger females 
and cysts were retained. Some of this 
larva-bearing fluid was then poured over 
a pot of sterile soil, in which Sinapis alba 
was already in leaf. The larve were re- 
tained in the soil, and, finding in the 
young, tender plants the desired food, went 
through their normal development. Since 
this soil had contained no cysts, and since 
none were introduced, every cyst found 
there, after a shorter or longer time, must 
have originated from the introduced larve 
during this vegetative period. 

Thus Fuchs planted, infested, and ex- 
amined a large number of pots, and by care- 
ful counts computed the percentage of 
cysts and females in them. That the num- 
bers thus obtained should possess a wide 
range of probable error is easy to under- 
stand, since it is very easy to overlook the 
tiny females and cysts in the washings of 
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infested soil. The numbers were determined 
in the following manner: At a time when 
the females were easily recognizable, ex- 
actly half the plants and half the soil from 
each pot were taken and examined. The pot 
was then filled with sterile sand and, after 
about two weeks, the cysts which had de- 
veloped in the soil left in the pots were 
separated by washing and counted. Test 
counts showed that as a result of a uni- 
form sprinkling of the whole surface of the 
soil in the pots with the larva-bearing fluid, 
each plant is attacked in a fairly equal de- 
gree. He was, therefore, able to employ 
this method. 

Fuchs was not able to make a_ simul- 
taneous count of both females and cysts in 
a thorough manner because up to the time 
of the maturity of the female, the cysts are 
not to be recognized as such. On the other 
hand, until the cysts have developed, the 
females are in a condition easily to be de- 
stroyed. 

In July eight pots were examined. No 
cysts were found in three of them; in one 
pot one, in each of two pots two; in one 
pot three, and in still another pot five cysts 
were found. These pots were prepared on 
June 2 and examined on July 4 and 19. 

In August, 10 pots which had been pre- 
pared on July 8, were examined. In these 
pots the percentage of cysts already was 
much higher. The examinations were made 
on August 6 and 20. In September similar 
results were obtained. The pots were pre- 
pared on August 3 and examined on Sep- 
tember 7 and 23. Quite different results 
were obtained in October. These pots were 
prepared on September 2 and examined on 
October 8 and 25, 

The results of these three tests are shown 
in Table III. 

In November several pots showing cyst 
development which might be considered 
normal for autumn were examined. The 
eggs of all females that had not progressed 
further toward the cyst stage had perished. 
These pots were prepared on October 3 and 
examined November 9 and 19. 

These examinations clearly showed that 
cyst formation never entirely ceases; that 
even in summer some are formed, and that 
the number immediately increases upon the 
approach of unfavorable weather. Tem- 
perature is thus seen to be a dominant fac- 
tor. Table V shows that the summer of 
1910 was extraordinarily cool, which ex- 


plains the relatively high number of sum- 
mer-formed cysts. Fuchs believed that this 
number would fall off considerably during 
a normal summer, and if the temperature 
and moisture conditions were optimum for 
the Heterodera it might even sink to zero. 

On the other hand, the fact that not all 
females are changed to cysts in autumn is 
not to be otherwise explained than that in 
many cases the incrustation and inclosing 
of the female with the droplet-formed, 
brown secretion has not 
enough long to resist the weather. 

Once formed, these cysts remain loose in 
the soil, the rootlets from which they have 
fallen having long ago disintegrated, but no 
change is to be observed in the cyst, either 
in size or color. Neither do the contents of 
the cyst show signs of further development 
during the winter. The eggs fill the cavity 
of the cysts without any perceptible change 
and remain protected from all external, in- 
jurious influences. 

The researches of Liebenberg have shown 
that cold is unable to injure cysts or their 
contents. 

The parasite is more sensitive to heat. In 
order to discover a means of combating the 

parasite Fuchs made exact experiments in 
' this direction. It avails little to kill merely 
the wandering larve with chemicals or low 
temperature, or to catch them in plants, if 
the cysts are allowed to remain and each 
year produce new broods of larve. There- 


been profuse - 


fore, an effective method must also destroy 
cysts and contents. 


EFFECT OF HEAT ON THE CYSTS. 


Both the effects of low temperatures and 
of heat applied for various periods of time 
were studied. 

Small flowerpots were filled with soil 
badly infested with nematodes. These 
were placed in a thermostat for 6, 12, 24 
and 48 hours at constant temperatures. Two 
series of experiments, employing moist and 
dry soil, respectively, were carried on. After 
each treatment every pot was sown with 
white mustard, whose seedlings were ex- 
amined three weeks later. A control pot 
for each set indicated the normal develop- 
ment of the larve. 

The following results were obtained. A 
temperature of 30° C. had no apparent 
effect on the development of the larve, 
which were just as numerous and well de- 
veloped as in the control pot filled from 
the same lot of soil and kept at the tem- 
perature of the-room. 

A temperaturé of 35° C. for six and 
twelve hours showed no effect. An ex- 
posure of 24, and still more, of 48 hours, 
showed that though the number of nema- 
todes was not changed, the development of 
the larve was greatly affected, and after 
the lapse of three weeks Fuchs was unable 
to find a single flask form, while many were 
to be found in the control pot. 


Tarte IIl—Number of female nematodesand cysts in August, September and Octo- 
ber, IIo. 
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This was still more conspicuous at 40° C. 
The pot exposed to this temperature but 
six hours showed no appreciable effect, 
but the effects were perceptible after 
twelve hours, while in twenty-four hours 
an appreciable reduction in the number of 
larve was to be seen, and all were much 
retarded in development. After an _ ex- 
posure of 48 hours the pots containing dry 
soil showed only a few small larve, while 
those containing moist soil, after repeated 
examination, revealed no living nematodes. 

The next experiment showed that even 
a temperature of 45° C. did not suffice to 
kill all the nematodes, for larve could be 
seen in all the pots, though their number 
was small. 

Pronounced results were obtained by 
heating the pots to 50° C. for six, twelve 
and twenty-four hours, which, according 
to the length of exposure, caused a greater 
or less reduction in the number of larve, 
as well as a greater retardation in their de- 
velopment. In the pots of dry soil, ex- 
posed for forty-eight hours, only a single 
larva was discovered; in the pots of moist 
soil, exposed for the same period, none 
were found, even after repeated examina- 
tion. 

At a temperature of 55° C. an exposure 
of twenty-four hours sufficed to destroy all 
nematodes; six-hour and twelve-hour ex- 
posures permitted the survival of a few. 

At 60° C. no larvee were to be found after 
a six-hour exposure. 

These experiments, therefore, show that 
the contents of the cysts of Heterodera 
schachtti are destroyed by an exposure of 


Taste 1V.—Number of female nematodes 
and cysts in November. 
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In this case, about 34 percent perished 
without having been able to assume ~the 
preservation form. 
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Taste V.—Daily mean temperatures (Cas 
during observations of Fuchs, Vienna, 
March 1 to November 20, 1910. 
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forty-eight hours at 50° C., of twenty-four 
hours at 55° C., of six hours at 60° C. but 
that a temperature of 35° C., and still more, 
a temperature of 40° C. are capable of 
considerably reducing the aumber of 
nematodes. 

Whether the soil be moist or dry during 
this heating, according to the observations 
of Fuchs, seems to matter little. These ex- 
periments make it appear that the cysts 
are better able to withstand the higher 
temperatures if they have not absorbed too 
much water, and when, as is probably the 
case in dry soil, they possess a small water 
content. 

In order to ascertain the degree of tem- 
perature required to kill nematodes in a 
short time, Fuchs put some badly infested 
soil in large test tubes, heated these in hot 
water to different degrees, and read the 
temperature of the contained soil on a 
thermometer thrust into the soil in each 


tube. The soil thus treated was mixed 
with sterile soil in small pots and sown 
with Sinapis alba in order to be able to de- 
termine the presence of live larve. 

In this manner soil was heated to 60° C. 
for one, five and ten minutes, respectively. 
In the first set of experiments, despite care- 
ful search, no larve were found. On re- 
peating them, several larve were found in 
the l-minute and 5-minute tests. In the 
third trial several larve were found in the 
l-minute exposure. After a long search 
just one larva was found in the tubes ex- 
posed for 5 minutes, and 2 minutes at 60° 
C., while in that exposed to the same tem- 
perature for 10 minutes an oft-repeated 
search revealed no living larve. 

The experiment at 62° C. showed that a 
heating of four minutes left two larve. 
Each longer exposure—two, five and ten 
minutes—entirely rid the soil of nematodes. 

A heating of the soil to 63° C. for but 
one minute unfailingly killed all nematodes. 
This experiment was repeated ten times 
with like results. Also, in this experiment, 
as soon as the thermometer indicated 63° 
C. and the tube was withdrawn, it was 
found that, though the temperature at once 
began to fall, the nematodes had been 
killed. ; 


~~ Therefore, a soil temperature of 63° C. 


sufficed to kill all nematodes, because at 
this temperature both cysts and contents 
were destroyed. According to Strubell and 
Vanha, the larve, as well as the males and 
females, succumb at a temperature of 35° C. 

These experiments may then suggest a 
method of combating and _ destroying 
Heterodera schachtii—a method already ap- 
plied in a simple manner by Kthn in his 
soil-burning’ experiment. According to 
Fuchs, the question remaining is simply 
how to heat the upper stratum of soil to 
63i2C 

DEVELOPMENT OF THE CYST CONTENTS. 


To return to the biology of the nema- 
tode: Upon the melting of the snow and 
the arrival of warmer days, life begins to 
reveal itself in the cysts. The eggs pro- 
gressively develop, and, as soon as moist- 
ure and temperature are sufficiently favor- 
able to enable free-living larve to endure 
the conditions without injury, it may be 
observed that from one egg after another 
serpentine larve emerge and are free to 
pursue their way. Should the cyst still be 


young, this happens chiefly through the 
vulva, but with old cysts the larve often 
escape through tears and cracks in the 
brown hull, to begin their search for the 
fine rootlets of their host plants. 

The ‘problem now to be solved was 
whether a young or just-formed cyst is 
immediately in a condition to liberate liv- 


_ing larve, or whether a certain time must 


elapse to allow the eggs to mature to a 
degree where the young embryos might 
escape from them, then from the cysts. 

Attention was especially devoted to cysts 
which, according to the observations of 
Fuchs, had been formed during the sum- 
mer. Although not very numerous, they 
were entirely sufficient to allow him always 
to have some for both microscopic and ex- 
perimental work. The microscopic exam- 
inations showed that eggs were present in 
all stages of development, the first stage 
naturally predominating. These had cloudy, 
nucleated contents, and were estimated at 
two-thirds of the whole. In proportion, 
eggs were present which clearly showed 
the spiral embryo, as well as those from 
which larve were ready to escape. In or- 
der to determine whether these scarcely 
completed cysts might already be in a 
condition to set larve free, some of them 
were covered with soil near seedlings of 
white mustard in pots filled with sterile 
soil. These cysts were obtained by the 
rinsing method from badly infested soil 
and were separated with the greatest pre- 
cautions with a fine brush in order to 
avoid the least injury. The plants were 
examined after three weeks. In each of 
three trials nematodes were found to have 
attacked the roots. They could not have 
originated elsewhere than in the cysts 
formed but a few weeks earlier. 

From this it may be seen that cysts 
formed in bad weather are capable of lib- 
erating larve, presuming weather condi- 
tions to supervene which might render 
their emergence possible. 

These facts now raise the question: How 
is it possible for cysts that may be a whole 
series of years old to retain viable eggs? 
Why have the larve not long ago escaped? 


AGE OF THE CYST. 


To answer this question one must be as- 
sured of the age of particular cysts, or 
what is more to the point, how long the 
host plants must be kept from the fields 


to destroy the nematodes through starva- 
tion. 

Fuchs stated that he had not sufficient 
material at his disposal to give a conclu- 
sive answer. 

This is certain: After a period of five 
years, during which the land in question 
was not cultivated, and from which weeds 
were kept with the utmost care, a consid- 
erable number of egg-bearing cysts re- 
mained. Larve emerged from these and 
immediately attacked host plants. This 
land, which remained uncultivated for five 
years, in which beets badly infested with 
Heterodera schachtti had been grown, was 
the oldest fallow ground Fuchs had at his 
disposal. He could only estimate, from its 
condition and the number of cysts present, 
that a period of at least eight years is 
necessary to destroy nematodes in a field 
by withholding host plants. ; 

The result of microscopic investigations 
on these 5-year cysts, as well as on the 
3-year and 4-year ones, taken for com- 
parison, offers a suggestion toward a solu- 
tion of the problem as to whether the 
cysts, during their whole existence, grad- 
ually allow the liberation of their contents, 
or whether each cyst has a particular time 
for maturing, lasting from a few weeks 
or days in most cases, to years in many 
others. In this case there must be present, 
for example, 4-year cysts that still com- 
pletely retain their entire contents of 350 
to 400 eggs. There might be cysts with a 
maturing time of even four years, having 
the function of retaining in the soil Hetero- 
dera larve for so and so many years. 

A large number of 3-year, 4-year and 5- 
year cysts were examined and compared 
with l-year, 2-year and absolutely fresh 
ones. On the evidence of these examina- 
tions it can confidently be stated that the 
“simultaneous development” (eben Ent- 
wicklung) hypothesis must be false. At 
the close of a period of five years there 
is no longer a single cyst in the ground 
that retains its entire contents. On the 
contrary, they are almost empty, only a 
small proportion of the eggs remaining in 
the cysts. This may easily be seen if a 
number of 1, 2, 3 and 4-year cysts are 
placed beside each other under the micro- 
scope. It was thus possible to show an 
almost exact gradation. Single cysts were 
carefully cut, their contents examined and 
the number of eggs and larvz ascertained. 
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Naturally some eggs were damaged and 
larve were liberated in the operation, on 
which account only the total number of 
eggs and larve will be given. 

Fuchs examined sixty 5-year, forty 4- 
year and ten 3-year cysts. Among the 5- 
year cysts 55 percent were found com- 
pletely empty, containing neither eggs nor 
larve; 45 percent still retained living con- 
tents, whose number ranged from one egg 
(in one case) to fifty-three eggs and 
larve in another. The rest always had 
fewer than 50—10 to 20 eggs in 35 per- 
cent of the cases; two cysts contained more 
than 25 eggs, viz., 58 and 32; the rest con- 
tained less than 10 eggs each. Almost all 
the cysts seemed to be much shrunken, torn 
and often hanging in tatters, and the far- 
ther the erosion had proceeded the smaller 
the number of eggs that remained. 

A similar but not so marked a picture 
was presented by the 4-year cysts. It could 
be demonstrated that, although most of 
them were shrunken and apparently eroded, 
they looked much better than the 5-year 
cysts. About 20 percent of them were 
empty and the maximum was 112 eggs 
and larve in one cyst. About 40 percent 
contained 30 to 45 eggs and larve, while 
6 percent contained more than 45 and 9 
percent less than 30 eggs and larve. A 
picture corresponding in degree was pre- 
sented by the 3-year cysts, which contained 
an average of 40 to 50 eggs and larve, 
with a maximum of over 160 in one case. 
When it is recollected that fresh cysts con- 
tain 400 eggs, the gradual diminution in 
number may be realized, and one may con- 
clude that the larve gradually (progress- 
ively) emerge from the eggs until finally 
only the shrunken, tattered and completely 
empty skin of the cyst remains. This is 
then disintegrated. by the weather. 

Fuchs could not find any conclusive ex- 
planation why some eggs in the same cyst 
mature early but others much later. He 
took cysts, apparently alike, placed some in 
a 0.75 percent solution of sodium chlorid, 
others in a mixture of that solution and 
the expressed juice of young mustard 
plants, but absolutely no difference could 
be observed in their development. At one 
time here, at another there, more larve 
had emerged, but it could not be seen that 
any effect was produced by the addition of 
plant juices. The concentration was modi- 
fied, at one time using much diluted, at 


other times almost pure plant juice, but 
equally without result. Likewise, when he 
made these experiments in the moist cham- 
ber whole plants of white mustard were 
laid on the microscope stage beside cysts; 
others were placed there without plants, but 
no difference in their behavior could be 
discerned. On the following day a larva 
had pierced a rootlet and three were at 
large near by. Cysts remote from plants 
had released seven larve. Numerous repe- 
titions gave equally negative results. He 
therefore believed that larve emerge a 
few at a time, as they mature and as tem- 
perature and moisture conditions are fa- 
vorable, and that the presence of host 
plants is not a factor of any consequence 
in causing the emergence of the Jarve. 


PERIOD WHEN LARVAL WANDERING BEGINS. 


In the climate of Germany the period at 
which larve begin to emerge, when the 
great wandering in search of food com- 
mences, and when propagation takes place, 
had hitherto remained unknown. To de- 
termine these points Fuchs again had re- 
course to the washing method. At the be- 
ginning of the season portions of soil 
were washed from week to week. In this 
operation special care was employed to 


~~ avoid crushing the cysts, and in this man- 


ner a mechanical separation of the eggs 
also was avoided. After allowing the ma- 
tetial to settle the turbid water was fil- 
tered through glass wool and the small 
cysts, as well as the larve that might be 
present, passed through. For the experi- 
ment he took large boxes in which beets 
and mustard had been planted and in which 
nematodes abounded, ascertained the tem- 
perature, removed the upper three centi- 
meters of soil and then made a soil test. 
The larva-infested water that flowed off 
was poured over a flower pot filled with 
sterile soil, in which were plants of white 
mustard two days old; therefore, the lar- 
ve had opportunity immediately to seek 
suitable host plants and continue their de- 
velopment. In three weeks the plants were 
examined, as were also the control pots, 
which had been sprinkled with water con- 
taining larve washed from nematode-in- 
fested soil, out in the warmth. The ex- 
periment was begun near the end of Feb- 


ruary. The examinations made in the first - 


two weeks still showed negative results. 
Another test was made on March 12. The 
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soil temperature was 7° C. at a depth of 20 
centimeters. The mean daily temperature 
was 7.4° C. An examination made after 
three weeks revealed larve that had trav- 
eled, an evidence that by March 12 the 
larve had crept forth, and had begun their 
travels in the soil. Similar results were 
obtained from examinations made _ on 
March 14, 22 and 28, although cold weath- 
er returned, with a consequent setback. At 
the end of March and the beginning of 
April the ground was covered with snow. 
The examination made April 1 showed that 
on this date, with a mean temperature of 
14° C. and a soil temperature of 5° C,, 
no viable larve were to be found in the 
soil. However, things appeared quite oth- 
erwise on April 5. At this time the mean 
tempetature of the air was 88° C. and of 
the aiii 65° C. Numerous larve were 
found .: the soil, and similar results were 
obtainea the following week. 

Warm weather intervened and Fuchs 
was able to find wandering larve in the 
soil throughout the summer, whereby he 
observed that at high temperatures (15 to 
21° C.) the number became much greater. 
In mid October, when the temperature had 
begun to fall considerably, there was a 
perceptible diminution in the number of 
wandering larve in the soil. The wash 
test of October 24 (the soil temperature be- 
ing 8° C., mean air temperature 7.5° C.), 
when applied as before, resulted at the end 
of three weeks in the finding of seven lar- 
ve among 20 plants. Still fewer larve 
were found in a search of November 3, 
only two being found among 20 plants. 
On this date the mean air temperature was 
46° C., and the soil test was made at a 
temperature of 5.5° C. This experiment 
was repeated on November 8. The soil 
test was made at a temperature of 6° C. 
with a mean air temperature of 7.5° C. In 
spite of prolonged and repeated search no 
larve were found. Similar negative re- 
sults were obtained on November 11 and 
15. From this it appears that the travels 
of young larve cease as soon as the tem- 
perature falls to 6° C. or less. 

It has been demonstrated that nematode 
larve can quite easily continue to exist at 
a temperature of 6° C.,, although their 
movements are then greatly reduced and 
their whole life energy seems to fall to a 
minimum. They appear to become be- 
numbed with cold, but the higher the tem- 


perature rises the quicker and stronger be- 
come their movements. At 6° C. their vi- 
tal energy sinks so low that their move- 
ments are no longer sufficient to liberate 
them from their prison, the cyst. They 
can not push their way through the narrow 
opening, but remain enclosed by the pro- 
tective hull of their dead mother, to their 
own advantage. But if, despite the low 
temperature, they should gain their free- 
dom, they would probably succumb, because 
their movements are too feeble to enable 
them to penetrate the rootlets. 


Taste VI—Mechanical analyses of types 
of soil employed by Fuchs. 


Sandy 

soil? Loam. 
Soil particles. Per Per 

cent. cent. 

Grains with a diameter of 
Less than 0.01 millimeter... 10.50 43.34 
0.1 to 0.05 millimeter...... 12.36 24.92 
0.05 to 0.1 millimeter..... 21.94 13.84 
More than 0.1 millimeter.. 55.20 17.90 
BIOLOGICAL VARIETIES OF HETERODERA 


SCHACHTII, 


Although Heterodera schachtii is seen to 
be polyphagous, it appears to be true of it, 
as of Tylenchus dipsaci, that it may become 
specially adapted to certain host plants. Its 
recurrence on the same species in similar 
soil may so specialize it as to constitute a 
variety (Marcinowski, 1909). This may 
proceed so far that nematodes that 
have for generations been restricted 
to a particular host plant become so 
much adapted to it that its transference 
to another host plant may be only partially 
successful or fail entirely. It is probably 
most injurious to the plant to which it has 
become adapted. Possibly this has not 
gone as far with H. schachti as with T. 
dipsact. Liebscher (1890, 1892) found that 
nematodes on peas and vetch on the one 
hand and on oats and beets on the other 
were differentiated. Nematodes from oats 
and beets produce rather larger eggs, 
somewhat larger larve and much larger 
and shorter necked females; the former 
also lack the “subcrystalline layer” (last 
larval cast of the female, which often in 
fragments covers the adult). The two 
forms were also biologically differentiated. 
Oats which had been sown in beds infested 


tWater capacity, 38 per cent of weight of 
dry soil; organic substance, 2.06 per cent. 

*Water capacity, 34.7 per cent of weight of 
dry soil; organic substance, 4.4 per cent. 
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with pea nematodes showed no signs of 
being attacked by them. The converse was 
equally true. Liebscher further found that 
pea nematodes may be transferred to vetch 
and horse beans, but not to beets, oats, 
rape, cabbage, mustard, turnip, etc. He 
considered the pea nematode to be a va- 
riety of H. schachtui, and believed it capa- 
ble of returning to the original form, de- 
spite the opinion of Hollrung to the con- 
trary. Liebscher (1890, 1892) did not give 
sufficiently accurate measurements, simply 
stating that the pea nematode had a small- 
er body and. longer neck than the beet 
nematode. However, Voigt (1892, 1894) 
was more exact in his description of oat 
and beet nematodes, giving the measure- 
ments shown in table VII, which also 
shows measurements given by Marcinowski. 

According to these measurements, the 
beet nematode is rather longer and rela- 
tively much thicker, with a neck both actu- 
ally and relatively shorter than the oat 
nematode. However, Marcinowski (1909) 
did not think these measurements sufficient- 
ly numerous, neither did she know how 
many generations each variety passed 
through on the respective hosts. She con- 
sidered it quite probable that greater dif- 
ferentiations would have developed in the 
course of more generations. Voigt (1894), 
as well as Liebscher (1890, 1892), demon- 
strated that biological forms exist, and that 
nematodes from oats and beets were not 
mutually interchangeable. Whether the 
nematodes may or may not be transferred 
from one host to another would appear to 
depend on the degree of adaptation that 
had already taken place; in other words, 
on the number of generations borne by a 
particular host plant. (See Kiihn, 1874.) 
Kihn in 1881 showed that while beets were 
regularly injured in nematode-infested land, 
oats were at one time strikingly sensitive 
to the worms and at another time were 
free from attack. He was not prepared to 
explain this. Reciprocal transfer of oat 
and beet nematodes succeeds easier than 
that between legumes and oats, or legumes 
and beets. This is supported by the ex- 
perience that oats do well on nematode- 
infested ground if they follow peas or 
beans. Thelen (1904) spoke of the ex- 
istence of varietal differences between beet 
and pea nematodes. Peas sown in ground 
infested with beet nematodes were at first 
free from attack, but after several crops 


of peas had been raised on the same ground 
the roots of the later crops became in- 
fested. It would appear from this, thought 
Marcinowski, that the nematodes simply re- 
quired plenty of time in order to become 
adapted to a new host. Thelen, however, 
could not agree with this idea. Marcinows- 
ki thought it would be very profitable to 
carry on experiments with many genera- 
tions of nematodes in order to settle this 
question. Of Heterodera radicicola, Bessey 
(1911) states he has been “unable to de- 
tect special adaptation to any one species 
of plant.” 

Fuchs (1911) made observations to the 
effect that quite probably races of nema- 
todes might be developed through adapta- 
tion to a particular -host plant, after feed- 


plained in this way. Nematodes that I 
have found in my experiments thrive 
equally well on mustard, beets and oats. 
Once, in June, 1910, I replanted a pot of 
badly infested soil with oats, but not a 
single larva was to be found on their roots. 
Some rows of beets and mustard were sown 
between the rows of oats; the roots of. the 
two latter plants became filled with larve. 
In this case we can gain no explanation 
for the formation of a race appearing only 
in oats. It can only be concluded that a 
mixed form exists in fields, which can at- 
tack either oats or beets, but which, how- 
ever, if it should have access to but one 
kind of host plant, would gradually become 
so accustomed tosuchahost that probably 
a race might be produced.” 


Taste VIIl.—Measurements of beet and oat nematodes, according to Voigt and Mar- 


cinowski. 
Dimension Beet nematode measurements. Oat nematode measurements. 
relations. Number. Actual. Average. Number. Actual. Average. 
Measurements by Voigt: 
Size of female, milli- 
MICLCTS = teva 3s 0.6 to 1.00 0.5 to 0.8 
Thickness of sub-crys- 
talline layer, milli- 
AMCUCTS ee te era ee cle O01 04 
Measurements by Mar- 
cinowski: 
Female— 
_Length, millimeters... 17 - 39 to 88 Baer 10 A to .18 
~~ — Length 
Thickness)|- .¢..ratio 1'7 126s-to— 19% 1.55 10 1.57 to 2.2 1.93 
Spear length, mill’rs. 6 .016 to .029 02 10 .09 to .028 028 
Neck length, milli’rs. 17 05 to 16 .09 10 .09 to .16 12 
Length 
Thickness ] ....ratio 17 46 to 10.8 7 10 B¥e) wen fait 5.38 


ing exclusively on the one host plant for a 
series of years. But such a condition is 
not met with in practice. Oats are men- 
tioned as the conspicuous example. In re- 
gard to the: attempted explanation of the 
fact that oats are at one time attacked as 
badly as beets, but at another time, in soil 
just as badly infested, are not attacked at 
all, or very feebly, he says: 

“One does not plant oats after oats, and 
today it is seldom that beets are grown 
uninterruptedly for years. It would be 
difficult in nature to produce a pure oats 
or beets race. We have to do with a mix- 
ture of both races, a transition form, which 
soon tends in one or the other direction. 
However, the appearance of Heterodera 
schachtii on oats is so irregular that the 
formation of varieties can scarcely be ex- 


OVERWINTERING OF THE BEET NEMATODE. 


Wimmer (1906) conducted pot experi- 
ments in which small pieces of nematode- 
infested beet rootlets were mixed with soil 
composed of sand and peat. By the ap- 
plication of hydrochloric acid this soil had 
been deprived of most of the soluble min- 
eral plant foods. These pots were put in 
a cool place for the winter. The follow- 
ing spring it was found that larve had 
developed quite normally, the soil being 
abundantly sprinkled with live nematodes. 
An examination showed an average of 10 
per 0.5 gram of the soil. 

Vafha and Stoklasa (1896) showed that 
the egg can not withstand any degree of 
frost. But the adult may be exposed to 
frost on the surface of the ground without 
apparent injury. 


Wimmer (1906) also stated that in 
autumn larve penetrate the roots of win- 
ter rye and early the following spring are 
metamorphosed into the adult stages. 

In this respect it would appear to resem- 
ble Heterodera radicicola, of which Bessey 
(1911) says: 

“In the roots of perennial plants, for ex- 
ample, European grape, fig, etc., the writer 
had frequently found living female nema- 
todes in nearly or quite complete develop- 
ment at various periods of the winter and 
early spring, showing that in such roots the 
nematodes may survive, not only in the 
larval stage, as previously described, but 
also as mature females, ready to begin egg 
laying as soon as the weather becomes 
favorable.” 

These conclusions do not seem to re- 
ceive the support of Fuchs (1911), who 
says of the brown-cyst stage of the preg- 
nant female, so carefully described by 
Chatin (1887, 1888), that it is the resistant 
stage of the worm. According to Fuchs, 
as already shown in detail, it can over- 
winter without plant food, and even should 
host plants fail during the following warm 
season, it may remain in the soil a whole 
year until suitable plants shall enable it to 
produce new generations and new preserva- 
tion forms. Not every female enters into 
this cyst form. His observations also led 
him to the conclusion that not all the eggs 
of a cyst are hatched at once, but that the 
larve emerge a few at a time, according 
as they reached the proper stage of ma- 
turity, and as suitable temperature and 
moisture conditions obtained. The pres- 
ence of host plants did not appear to be an 
important factor in the emergence of the 
larve. He states, further, that the eggs 
and free living larve succumb to the cold 
and other unfavorable conditions incidental 
to autumn and winter. On the other hand, 
low temperattirres do not seem to affect 
the brown cyst or its contents. It is more 
readily affected by high temperatures. This 
writer found that a soil temperature of 63° 
C. is sufficient to kill both cyst and its con- 
tents. He also found that a considerable 
number of the brown cysts survived in soil 
not cultivated meantime, but carefully kept 
free from weeds and other plants for five 
years, and under favorable temperature 
and moisture conditions gave birth to 
larve, which then attacked cultivated host 
plants. He concludes from these observa- 
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tions that a rotation period of not less than 
eight years should be practised in order to 
insure a complete riddance of the beet 
nematode from infested soil. 

From these rather conflicting observa- 
tions one may suspect that in the experi- 
ments of Wimmer he had some of the 
cysts among his rootlets, or that at least 
some of the females assumed that stage 
after they were placed in the pots, and that 
these survived the winter and gave birth 
to the free-living larve seen by him. On 
the other hand the limiting low tempera- 
ture may not have been reached, so that 
free-living forms of the nematode as well 
as brown cysts may have been enabled to 
survive. It is also possible that larve may 
survive the winter, if embedded in the root 
tissues of their host, under temperature 
conditions that would kill them were they 
scattered in the soil, but of this we have 
no positive evidence. The experiments of 
Fuchs show unmistakably that in the brown 
cyst we have the preservation form of the 
beet nematode—a condition in which it 
can not only withstand the rigors of win- 
ter, but also considerable degrees of heat: 
a state in which it is not. soon destroyed 
by lack of moisture, as is so conspicuously 
the case with all the free-living forms. 


DISTRIBUTION OF HETERODERA SCHACHTII. 


In Foreign Countries—Beet nematodes 
have been found on sugar beets and other 
plants in the following countries: Ger- 
many, Austria-Hungary, western Russia, 
Holland, Belgium, France, Denmark, Swe- 
den and the Azores. (Sorauer, 1906.) Ap- 
parently Heterodera schachtit is native to 
Europe, although, since it is closely related 
to H. radicicola, it is possible that, as is 
probable with the latter, it was introduced 
on plants imported from the Tropics over a 
hundred years ago, when a general trade 
in exotic plants began. (Bessey, 1911.) 

In the Umted States—Bessey (1911) 
states that in 1907 (Fig. 2) he found the 
beet nematode in California, near one of 
the oldest beet sugar factories in the United 
States. In this vicinity were some fields in 
which (1907) sugar beets had been grown 
37 years in succession. They were not 
yielding one-tenth of a normal crop, and 
were terribly infested with beet nematodes. 
These eel worms were present also in all 
fields within a radius of a mile. In fields 
farther away, which had been in cultivation 


only a few years, they were not found. One 
field near a second sugar factory in the 
same state was found to be badly infested 
and yielding about one-fourth of a normal 
crop. The slow spread of the pest was 
ascribed to drought and the stiffness of the 
soil. This nematode was reported near a 
third factory, and was found also in sev- 
eral fields near an old-established factory 
in Utah, as well as later being found very 
prevalent in districts located several miles 
from that factory. The agriculturist of the 
Utah factory said he had observed similar 
trouble in beet fields for 12 or 14 years 
prior to 1907. This nematode was found 
also in a restricted area in a field near an- 
other old beet sugar factory in Utah. 

During the summer of 1912, Mr. L. P. 
Byars* made a survey of the United States, 
in collaboration with the Office of Cotton 
and Truck Disease and Sugar Plant Inves- 
tigations, to ascertain the present distribu- 
tion of both root-knot and beet nematodes 
(Fig. 3). He reports having found the 
beet nematode in an 80-acre field about two 
miles from a sugar factory in the southern 
part of California. In another California 
beet district three ranches were found to 
have nematode-infested patches. On one of 
these farms, about two years ago, approxi- 
mately one-third of an acre, last year half 
“an acre, and this year two acres of beet land 
had become infested; thus showing the 
rapid spread of the pest after it had become 
well established. The beet nematode was 
found on one ranch ina third beet district in 
that state, where beets had been grown suc- 
cessively for twelve years. Another field 
where they had been raised only two years 
also was infested, but in a less degree. On 
what is known as Martin’s Island ranch, 
near Spreckels, Dr. Albert Schneider in 
1906 noted and probably made the first rec- 
ord of the occurrence of the beet nematode 
in the United States, and the pest is still 
found there. 

Many fields near the above mentioned su- 
gar factory in Utah, especially where beets 
had long been cultivated, were found to be 
badly infested. This was true also of one 
of the outlying tributary districts. 


INTRODUCTION oF AHeterodera  schachtii 


INTO THE UNITED STATES. 
Practically all beet seed at present used 


1Unpublished notes and correspondence 


with the author. 
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in the United States is imported from 
Europe. Since beet seed, with its rough 
surfaces, is admirably adapted to afford 
hiding places for minute objects, including 
fungous spores and creatures as tiny as 
nematodes, it may be reasonable to conclude 
that the beet nematode had been introduced 
into this country upon sugar beet seed. The 
fact that the pest has been found only in 
the oldest beet districts of the United States 


PLATE VI. 


Knots on rootlets of a sugar beet caused 
by Heterodera radicicola. (Photographed by 
Dr. Charles O. Townsend.) 


might be looked upon as supporting that 
idea, when it is considered that the pres- 
ence of the nematode would only make it- 
self apparent, to any serious extent, after a 
number of years. 

That any of the free-living forms of 
this nematode should thus gain entrance is 
doubtful. There is considerable evidence 
against such a view. According to several 
observers, the free-living forms of Hetero- 


dera schachtii are unable to endure any de- 
gree of desiccation. Marcinowski (1909) 
states that this nematode is very susceptible 
to drying. Strubell (1888) placed nematode 
larve on a microscope slide and covered 
them with a layer of water. The water 
was allowed to evaporate gradually, leav- 
ing the larve dry about one hour. After 
this they failed to revive upon the addi- 
tion of more water. 

However, circumstantial evidence is 
forthcoming tending to stpport a belief that 
even the free-living forms, at least the lar- 


evidence he had would justify him in say- 
ing that these were necessarily the sugar- 
beet nematodes. However, it seems to me 
that some of them were sugar-beet nema- 
todes, although it would have been neces- 
sary to grow them in contact with beets to 
prove that. -If, then, the source of this 
nematode is soil mixed with beet seeds, it 
would seem to be almost impossible to keep 
them from getting into this country again 
(since most of the beet-growing districts 
of Europe, including those where seed is 
grown, are infested with these nematodes 
more or less), so long as we have to depend 
on European sources for the bulk of our 
seed. 


"AREAS SURVEYED. 
= AREA INFESTED BY THE 
BEET NEMATODE. \ 
= = ARFA INFESTED BY THE ROOFKNOZ 
NEMATODE. 
tt -4REA /NFESTED &Y BOTH BEET AND 
ROOT-KNOT NEMATODES. 


“. 


FIG. 


KNOWN DISTRIBUTION OF THE ROO'T-KNOT AND BEHT NEMATODE, AC- 


CORDING TO THE SURVEY OF DR. E. A.: BESSEY (1907). 


ve, may have been carried into this country 
in a viable condition with beet seed. There 
is also the possibility that larvae may be 
preserved in the small lumps of- soil that 
frequently are found in sacks of beet seed. 
In this connection Bessey’ states: 


It is a well-known fact, and one that I 
have ascertained in conversation with the 
agriculturists of various beet-sugar com- 
panies, that in every sack of beet seed 
there are larger or smaller amounts of dirt. 
Sometimes this dirt is in the form of fine 
dust, but on the other hand it may be, and 
often is, in the form of little chunks, some- 
times as big as a small marble. Dr. Albert 
Schneider, of San Francisco, who was em- 
ployed by the Spreckels Beet Sugar Co. at 
the time of making the experiments, moist- 
ened up a number of these little pieces of 
earth and found in them still viable larvee 
of nematodes, although I do not think the 


1Letter to W. A. Orton, Feb. 16, 1912. 
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Further evidence along this line 1s at 
hand. Miss C. O. Jamieson, of the Office 
of Cotton and Truck Disease and Sugar 
Plant Investigations, in a search for or- 
ganisms on beet seed, discovered, in 1911, 
live nematodes in the sediment centrifuged 
from washings of beet seed received in this 
office from the American Beet Sugar Co. 
at Rocky Ford, Colo. Live nematodes were 
discovered in no less than seven different 
samples, representing six varieties of seed, 
from four German seed firms. Since the 
object of the search was not primarily 
nematodes, these were not identified or pre- 
served. While this evidence may not leave 
much doubt, it is not proof.* However, it 
is quite certain that other and equally de- 


*No living beet nematodes have yet been 
found in such clods of soil. (Noy. 1, 1915.) 


structive species of eelworms, such as 
Tylenchus dipsaci, are constantly being in- 
troduced upon or with beet seed, since this 
and some other species are known to be 
very resistant to desiccation for long pe- 
riods, then to revive on the resumption of 
suitable conditions of moisture and tem- 
perature.’ 

Whatever doubts there may be in regard 
to the introduction of free-living forms of 
the beet nematode, there can scarcely be 
any question of the possibility of its in- 
troduction in the brown-cyst stage, since 
this is capable of resisting cold, consider- 
able heat, and dry conditions. It is likely 


tode larvze observed in the instances just 
cited may actually have emerged from cysts 
at a time shortly before the respective 
searches were made, owing to the temper- 
ature of the warehouse or storeroom in 
which the seed was kept being favorable 
for the hatching of the cyst-protected eggs. 

It is almost certain that the beet nematode 
has been and perhaps is still being intro- 
duced, together with the root-knot nema- 
tode, with nursery stock. The roots of 
plants and the adherent moist soil and pack- 
ing are admirably adapted to convey large 
numbers of such parasites. Trees, plants, 
rooted cuttings, bulbs, and potatoes all are 


£°""" AREAS SURVEYED. 
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FIG. 3. 


KNOWN DISTRIBUTION OF THE BEET NEMATODE IN THE UNITED 


STATES IN 1912, ACCORDING TO THE SURVEY OF L. P. BYARS. 


that at no time are great numbers of cysts 
present among beet seeds, because they 
could only get among the seeds along with 
particles of soil that may have adhered to 
stems or seedballs at harvest time. It 
would, therefore, probably take many years 
to infest a field seriously by means of 
beet seed. In the localities known to be 
infested in this country, the operation has 
undoubtedly been accelerated by the fact 
that, unfortunately, beets have been grown 
uninterruptedly for years in the same fields. 
This method would be a certain one in the 
long run. It would appear that the nema- 


IN, A. Cobb in a conversation with the 
writer, 1912. 
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probable carriers of the pest. ln view of 
the fact that natives of Germany and other 
beet-growing countries have immigrated to 
and settled in the beet-growing districts of 
the United States, a certain amount of 
plant exchange doubtless has been carried 
on between immigrants and their native 
countries, thus offering opportunities for 
the introduction of a variety of pests. This 
whole question needs careful attention and 
study. 


EFFECT OF THE PARASITE ON SUGAR BEETS. 


Némec (1911) has studied the effects of 
nematode attacks on the root tissues. Lat- 
eral rootlets infested with mature female 


nematodes were fixed in Flemming’s solu- 
tion and sectioned in series. He found the 
conditions described as follows: 

At the first glance (Pl. VII, fig. 1) un- 
usually large cells were apparent in the vas- 
cular bundles; cells of such a size could 
not be found in sound rootlets. They were 
much larger than normal parenchyma cells 
of the vascular area, and in cross section 
occupied much more space than the usual 
elements, which show but a normal amount 
of variation. A comparison of these mod- 
ified vascular bundles with normal ones, re- 
vealed in the former an absence of the 
deuteroxylem and frequently an entire lack 
of vessels with large lumina. There re- 
main but.a few vessels with small open- 
ings and these are adjacent to the protoxy- 
lem. In some places the vessels are crowd- 
ed together, in others they are dispersed, 
and often they are thrust out of their nor- 
mal position by the vigorous growth of 
the giant cells. 

The phloem does not undergo so marked 
a modification, since it is not so well de- 
veloped in the rootlets as the xylem. Yet 
even the phloem may be thrust from its 
original position and the number of its 
elements be reduced. 

The giant cells seem to remain rich in 
cytoplasm so long as the worm continues 
to suck; the granular reticulum becomes 
fixed, and sometimes the whole cell lumen 
is filled. In a single cross section one 
nucleus is generally to be seen in each cell 
(Pl. VIII, fig. 2), and less frequently two or 
three appear. The cells adjacent to the 
buccal opening of the worm contain thread- 
like mitochondrin. The walls of the giant 
cells become moderately thickened, with a 
considerable thickening where they are in 
direct contact with the vessels (PI. VIII, fig. 
2) and where they actually touch the head 
parts of the worm. 

Strubell stated that the central bundle, 
which extends throughout the length of the 
root, always remains intact. Only by the 
combined attacks of many worms would it 
be thrust aside. 

Némec corroborates this, stating that the 
head parts of the worm penetrate only the 
endoderm, or at most, the pericambium, 
while the inner elements of the plerome re- 
main untouched. Giant cells never origin- 
ate in the endoderm or pericambium, but 
mostly in the cells of the adjacent tissues. 

In longisection (Pl. VII, fig. 2) it is ob- 
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served that the giant cells present long, 
tapering forms, parallel to the long axis of 
the rootlets. They often cover the entire 
surface of the vessels and contain several 
nuclei in their thick plasma. The nuclei 
are scattered irregularly in the cytoplasm, 
or are crowded together. They are always 
larger than nuclei of normal tissue cells. 
Frequently there are perforations in the 
length of the cell wall, forming large open- 
ings through which the cytoplasm of neigh- 
boring ‘cells communicates and through 
which the nuclei may migrate. 

By a study of both cross and longisec- 
tions it is found that these giant cells form 
syncytia. Many cells are fused together. 
The transverse walls almost entirely dis- 
appear, but more of the longitudinal walls 
remain. The cell sheath may be 1 to 2 
millimeters long. 

The nematode pierces only the external, 
corky layer of the beet itself. As soon as 
it has penetrated to the underlying paren- 
chyma cells, the latter begin to enlarge 
slightly (Pl. VII, fig. 1 and Pl. IX, fig. 1) 
so that a small swelling or tubercle is 
formed at the site of the puncture. Cyto- 
plasm accumulates there, and perforations 
occur here and there in the cell walls. A 
conspicuous nest of giant cells is thus 
formed, 0.4 to 0.7 millimeters in diameter, 
which perhaps becomes a single syncytium. 

At the death of the worm, a portion of 
the cytoplasm partially disappears from the 
giant cells (Pl. VIII, fig. 1); their mem- 
branes progressively thicken and finally die. 
Since this dead portion communicates (PI. 
IX, fig. 2) with the exterior of the root, ex- 
cellent opportunities are thus afforded for 
secondary infection by micro-organisms. 

Beet nematodes pierce through the epi- 
dermis of small rootlets to the true plerome 
elements at a time when the vessels are 
not fully differentiated. The rootlets con- 
tain differentiated rudiments of the phloem 
and xylem, frequently also isolated bundles 
of sieve tubes. In the portion of the cam- 
bium cells where the buccal portions of the 
worm begin to operate, the further forma- 
tion of metaphloem and metaxylem is ar- 
rested; the parenchyma cells grow most, 
in part fuse together, and assume the path- 
ological character of giant cells. Thus, vas- 
cular bundles that have already developed 
may be crushed and torn and the normal 
arrangement of the tissues be greatly dis- 
turbed by the thrust of the giant cells. This 


concerns chiefly the xylem. As already 
seen, the walls of single cells may be dis- 
solved and cause the formation of the so- 


of this is to cause a stoppage, or a fusion 
of the normal conductors of the rootlets. 
It has also been seen that the already dif- 


PLATE VII. 
FIG. 1. CROSS SECTION THROUGH A LATERAL ROOTLET OF BETA VULGARIS 
WHICH HAS BEEN ATTACKED BY BEET NEMATODES. 


The cortex is almost stripped off. There are several complexes of giant cells in the vas- 
= cular bundles. (After Nemec.) 


BIG. 2. LONGISECTION THROUGH A LATERAL ROOTLET IN THE TRACK OF A NEM- 
ATODE ATTACK. 


The sheath-like giant cells, which include almost the entire length of the vascular bundles, 
may be observed. (After Nemec.) 


called syncytia. In every instance the  ferentiated vessels may be crushed and 
plerome cells develop in an abnormal, path- torn, that they come to lie between the 
ological manner. The most marked effect thick walls of giant cells, whereby their 
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functions are checked; besides this, the dif- 
ferentiation of the greater portion of the 
deuteroxylem in the infected zone is pre- 
vented. The whole complex of giant cells 
lies in the vascular bundle like a plug, in- 
terrupting or arresting the flow of plant 
foods, thus bringing about other sequences 
of nematode infection. : 

It is easy to see that in consequence of 
the plugging of the vessels of the rootlets 
scarcely any fluids can pass from the body 
of the beet to the vegetation points and 
the zone of growth; conversely, scarcely 
any soluble mineral foods can be absorbed 
by the root hairs. The plants, therefore, 
are almost as scantily furnished with water 
and mineral foods as though they possessed 
no rootlets. When the already formed root- 
lets have been thus plugged, new ones are 
developed to function in their place. These 
new rootlets in turn become infested, so 
the cycle is repeated until we have the dense 
mass of rootlets already mentioned. The 
diminution in the supply of water and food- 
stuffs interferes with photosynthesis and 
the formation of proteids. 

This incessant stimulation to the devel- 
opment of new rootlets naturally still fur- 
ther exhausts the beets, which are already 
depleted of mineral foods. The yellowing 
and wilting of the leaves is one of the re- 
sponses to this heavy drain upon the plant. 
This behavior of the foliage has generally 
been attributed to the lack of mineral foods 
in the soil. It is now apparent why the in- 
fested beets more readily wilt than healthy 
ones under the influence of heat and drouth. 


To recapitulate: The plugging of the 
vascular bundles causes— 


1. Regenerative formation of new 
rootlets; 

2. Restriction of the growth of the 
individual rootlets; 

3. Restriction of water transporta- 
tion in the beet; and 

4. Deficient absorption of mineral 
foods. 


This deficiency of mineral solutions is 
further intensified by its incessant with- 
drawal by the worms, through the operation 
of which the giant cells are depleted of 
their contents and die at the time the preg- 
nant females mature and fall off the root- 
lets. 

In the dead syncytia, Némec found va- 
rious bacteria and fungi. Svyncytia invaded 
by fungi may exist which still contain a 
good deal of cytoplasm and nuclei. There 
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are, then, numerous hyphe in the vacuoles 
of the giant cells. They also extend among 
the intact portions of the bundles and es- 
pecially in the phloem. Némec once noted 
hyphe ina portion of a rootlet infested by 
immature females. The blackening and 
rotting of the crown may be attributed to 
secondary infections. It has been shown 
that the worm may infect the beet cells di- 
rectly and cause the death of large groups 
of cells. The robust spear of Heterodera 
schachttt, which is used as a puncturing in- 
strument, is only put into active operation 
when the worm seeks to force its way into 
the roots. As soon as it reaches the bundles, 
the spear itself is no longer needed, for the 
giant cells adjacent to the buccal opening 
remain quite uninjured. Since the cell 
membranes possess no pores, it is not to 
be assumed that the worm can nourish it- 
self by simply absorbing the cell contents. 
Furthermore, threadlike mitochondrin is 
frequently to be found in the cells adjacent 
to the mouth parts of the worm (Némec, 
1910) which, in places, brings about an in- 
tense metabolism, as for example, in nec- 
taries. (Schniewind-Thies, 1897.) 

It may be conceived that the worm, after 
it has pierced the endoderm and reached 
the elements of the vascular bundles, begins 
to secrete something which excites the cells 
to enlarge, to form much cytoplasm, to dis- 
solve parts of the cell walls, and to secrete 
certain substances. These secretions are 
then sucked in as food by the nematode. 


Either this continuous withdrawal of the 
secretion, or the persistent operation of a 
substance secreted by the worm, so acts 
that the giant cells function as nectaries as 
long as the worm continues to suck in the 
root. The worm then dies, the giant cells 
still further thicken their walls, become im- 
poverished of cell contents, and die. 

The bundles are but slightly thickened 
at the point of infection. No considerable 
cell proliferation and hypertrophy takes 
place, such as occurs in the galls produced 
by Heterodera radicicola. The giant cells 
originate chiefly through cell fusion. 


EFFECT ON THE YIELD OF SUGAR BEETS. — 


The general effects of nematode injury 
have received much attention. As to the 
effect upon yield of root and _ foliage, 
Vanha and Stoklasa (1896) give the figures 
shown in Tables VIII which also shows the 
results of tests by Girard (1887). 


Taste VIIl—Effect of the attacks of nematodes on the yield of sugar beets. 


AVERAGE WEIGHT PER BEET OF ROOT AND FOLIAGE AND PERCENTAGE OF SUGAR CONTENT, ACCORD- 
ING TO VANHA AND STOKLASA. 


Beets in 1892. Beets in 1893. 
: ‘ Not Badly Not 
Specification. - Attacked. Eee Attacked. estes infested. 
310 
CAV eStart chet an at< sae cca grams 104 225 158 58 
210 
618 
INGOES acter eaten cate «cee vs ace do. 276 804 310 184 
; 530 
14.65 
SUA COMLCI be a eraiiaeiese eaecnet Sect percent 10.05 13 11.35 8.4 
(14.9 
AVERAGE WEIGHT AND SUGAR CONTENT OF BEETS, ACCORDING TO GIRARD. 
Average weight (grams). Sugar content. 
W’g't per beet (grams). Percentage of sugar. 
Test. ‘ Healthy. Attacked. Healthy. Attacked. Healthy. Attacked. 
SE Sa ert Ree Srnan Secon en ae 357 228 46 an 13.04 12.02 
nn OEE chet pie eee a 625 | 300 76 33 12.24 a We 
Se eck eusro 500 285 61 29 12.37 10.11 
OF sho eae Sel Berne aes 450 200 54 17 11.96 8.76 


Effect on the Chemical Composition of Sugar Beets. 


Vanha (1893) also analyzed the leaves reported to be susceptible to the attacks of 
and roots of nematode infested beets, as the beet nematode is much smaller than 
shown in Table IX. that of plants known to be attacked by the 

Susceptible Plants. closely related rootknot nematode (Hete- 

Although the number of plants thus far rodera radicicola, Pl. V, fig. 3), it is already 


“Taste 1X.—Chemical analyses of the dry matter of the leaves and roots of nematode- 
infested beets. 


Constituents, etc. Leaves. Roots. 
Healthy. Diseased. Healthy. Diseased. 
Average weights of the beets tested........ grams 363 104 703 276 
Composition of dry substance: 
Nitrogen as proteids ..............+.++ Pet. 1.05 08 68 AQ 
AS asparagin ..5. 22. .ee eee cece esas do. 29 64 ree ae 
As asparagin (glutamin?) ......... do. a te 29 A4 
As various amid substances ........ do. 97 91 88 12 
Precip. by phosphortungstic acid ... do. 48 36 .19 380 
GelltalGsemen wri Mere era Cotten areeer eis do. 25.88 36.99 <M ea 
SO hilghial beck SORE Bet hen 6 AOS ORG Oe OOEIE do. 1.12 2, A3 82 
SAC CHALOSE OEE Meas ea Seadoo Sistas do. 4.07 1.73 71.84 53.67 
IB IGSORKER aia Sioa SEO OL ic ORE do. 3.19 2.01 Pe Aes 
Oxalic acid soluble in water ....:...... do. 2.04 6.03 07 alt 
Oxalic acid insoluble itMeWatelees sce sae do. 3.92 89 04 09 
IPinen cis lee eesecce tac caco aden ecssaielena oe ores do. 22.14 10.07 5.04 3.02 
Chemical composition of the pure ash: 
1D OP. va Se eee heya rani ee Pet 8.05 8.17 15.04 14.86 
SEA OV 8 ae et GRO: heh hart oe Ra EET RO do 17.31 16.03 2.03 2.16 
SO) ewe tg ee creates Golem amie See rami do 9.14 10.6 12.00 13.02 
TOTGY seeks Ee: OL ae ing Eo Ae eS doe =<1771> 13804 40,91 30.18 
Rint fe MAIR ois rdaebiee Wek do. 10.14 15.05 13.33 92.74 
Nie Ole pari cae rae ats shee gud see ane eee do 9.27 10.98 7.85 7.26 
EC) PR ET ete Es ang do. 2316 19.92 7.96 6.03 
JES Oth aa GiMete Peat tere poet tare Soe its do 4.03 4.37 1.14 5 


large. Additions are constantly being 
made to the list, which now includes a 
large proportion of the more important 
cultivated crops. The beet nematode is 
seen to be markedly polyphagous and ap- 
pears to possess a considerable degree of 
adaptability. To such an extent is this the 
case that it is difficult to compile a suff- 
ciently ample list of nonsusceptible crop 
plants for a reasonably long rotation sys- 
tem. 

Ritzema Bos (1891) noted the occur- 
rence of the beet nematode on 28 species 
of plants, belonging to 10 families; Vanha 
(1896) reported 40 species, and Marcinow- 
ski (1909) compiled a list embracing 60 
species. Table X, which gives (1) the 
scientific name of the plant; (2) in 
parenthesis, the name under which it was 
reported if that differs from the name 
now used; (3) the common English name, 
if any; (4) the name of the person first 
reporting it on that host; (5) the date of 
observation. In this list, species now 
found wild in some portion at least of the 
beet zone of the United States are indi- 
cated by an asterisk (*); those marked 
with a dagger (Tt) are not found in this 
country; those not marked are in cultiva- 
tion here. 

According to Marcinowski (1909) the 
following are particularly susceptible: 
Cabbage, rape, beets (garden and sugar), 
rutabaga, mangolds, white and black mus- 
tard, garden cress, radish, cockle and 
spinach. Cabbage, beets and rape may be 
badly infested without showing symptoms 
of the disease, which may be accounted for 
by their extensive root systems. Oats in 
the same field may one year escape attack, 
but in another season they may become so 
badly infested that they must be cut while 
green. 

According to the degree of certainty 
with which these plants are subject to at- 
tack by the sugar beet nematode, Ktthn 
grouped them as follows: 

1. Those especially and regularly subject 
to attack; 

2. Those upon which nematodes only ir- 
regularly appear; 

3. Plants which are only attacked by 
scattered individuals or colonies of nema- 
todes; and 

4. Weeds. 

In the first group are to be placed, above 


all, beets of every kind, closely followed, 
in point of susceptibility to attack, by the 
Brassica: Cabbage, cauliflower, Brussels 
sprouts, rape, white and black mustard, 
garden cress, radish, kohl-rabi, etc. 


In the-second class, oats seem to be the 
most conspicuous example. Sometimes a 
crop of oats may be worse infested with 
nematodes than beets. Then again in a 
badly infested field they may remain en- 
tirely free from the pest. 

In the group that is only occasionally at- 
tacked and but slightly affected are the 
legumes and clovers, most of which re- 
main uninfested and are thus useful crops 
for infested fields. Kihn found but few 
nematodes on barley. He ascertained that 
barley may become infested, but never 
found many nematodes on barley roots. 
The pest is rather more frequently found 
on rye. According to Bolte, they do not 
often appear on potatoes, and this tuber 
is generally included in the German crop 
rotations. Chicory seems to be entirely 
resistant, even repellent, to nematodes. 

In reference to the fourth group, weeds, 
it may be remarked that it is almost impos- 
sible to destroy the beet nematode by 
starvation, because it is impracticable, un- 
der ordinary conditions, to keep land en- 
tirely free from weeds of some kind. 
These serve as host plants for nematodes 
and enable the latter to survive. 


PLANTS NOT ATTACKED BY THE BEET NEMA- 
TODE. 
According to MHollrung (1890), the 


Solanacee, Papaveracee, Composite, and 
Umbelliferz are not attacked by Heterodera 
schachti, 


Vanha and Stoklasa (1896) reported that, 
according to the researches of Hollrung, 
the plants named in Table XI were exempt 
from nematode attack. 


A comparison of the list in Table XI 
with the one compiled eleven years later 
by Marcinowski (1909) to show what 
plants were found to have become infested, 
shows that some important crop plants ap- 
pear there which Vanha (1896) reported as 
being nonsusceptible. For example: 

Composite— 

Helianthus annuus, 
Sonchus oleraceus. 
Umbellifere— 
Apium. graveolens, 
Pastinaca. sativa. 


Solanacee— Sorghum saccharatum, 


Solanum tuberosum, Zea mays. 
Hyoscyamus niger. Also the following— 
Leguminosex— Cannabis sativa, 
Trifolium repens, Humulus lupulus. 
Trifolium incarnatum, Polygonum lapathifolium, 
Medicago sativa, Isatis tinctoria. 
Medicago lupulina, é 3 2 
Wie sativa. It is quite possible that many other 
Pisum sativum, plants have been infested without being 
Phaseolus vulgaris. observed, or that some have only escaped 
Gramine— 


infestation owing to conditions external to 


Avena elatior, 
the plant, unfavorable to the nematode. 


Phleum pratense, 


PLATE VIII. 


F GIANT CELLS WHICH SURROUND SEVERAL VESSELS OF A 
FIG. 1. A GROUP O VEETEROOT. 


™ F giant cells are greatly thickened where they come in contact with the 
ieeavetis tot the biae vessels. . (After Nemec.) 


ION THROUGH A PORTION OF A BEET ROOT WHERE IT HAS 
Cee ees: BEEN ATTACKED BY A BEET NEMATODE. 
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FIG. 2. 


NONSUSCEPTIBLE PLANTS OF ECONOMIC IM- 
PORTANCE. 

From the foregoing lists it will be seen 
that but few of our important crop plants 
remain nonsusceptible to the attacks of the 
sugar-beet nematode. Probably still more 
are susceptible than have been observed or 
listed. 

It requires little imagination to perceive 
that this foe is a formidable one. Small 
opportunity is afforded to make use of im- 
mune crops, because so few plants of im- 
portance to agriculture have thus far been 
observed to escape entirely the ravages of 
this pest. : 

Although European investigators have 
recommended and practiced a rotation sys- 
tem embracing five to seven years, with 
crops deemed nonsusceptible, it is by no 
means certain, in the light of the discov- 
eries of Chatin (1887, 1888) and Fuchs 
(1911) on the preservation form of the 
beet nematode, the so-called brown cyst, 
that even a rotation of six years will suffice 
to rid the land entirely of this pest, though 
in practice such a rotation is reasonably 
satisfactory. Fuchs believes a period of 
eight years-to-be necessary, on account of 
the persistent viability of eggs protected by 
the brown cyst. 

From the preceding list of plants believed 
to be nonsusceptible, those shown in Table 
XII may be considered of economic im- 
portance in’ the United States. 

One of the most certain and persistent, 
though perhaps one of the slowest, methods 
of extending the ravages of this pest is 
through its own activity. Frank (1896) 
estimated the rate of progress of the lar- 
ve of Heterodera radicicola at 3 centi- 
meters a week. Its activities are likely to 
extend from May 1 to September 15, or 
later. According to the above rate of 
progression the larve would travel during 
the entire period but 75 centimeters, or 
about 30 inches. This is probably under 
the mark, It can hardly be questioned 
that the beet nematode is capable of mak- 
ing greater progress than this, even in 
heavier soils. Indeed, Vanha and Stoklasa 
(1896) state that it is able to migrate as 
much as 30 meters during a season, in 
search of food. On this point they state: 


(“Das Aushungern der Nematoden durch 
das Aussetzen des Zuckerritbenbaues und 
anderer von ihnen gesuchten Pflanzen, hat 
nicht den gewiinschten Erfolg, weil im 
Boden immer noch genug Unkrauptflanz- 
en vorhanden sind, an denen diese Schad- 
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linge leicht ihre Existenzbedingungen 
finden k6énnen. Ueberdies haben diese 
Riibenschadlinge noch die Eigenschaft, 
dass sie herumwandern und nach_bisher 
gemachten Beobachtungen bis 30 m. weit 
iibersiedeln konnen.’) 

“The starvation of the nematodes by 


suspending the planting of sugar beets and 
other plants sought by them, has not had 
the desired result, as there are always 
enough weeds in the ground with which 
these larve can feed themselves. More- 
over, these beet larve still possess the ca- 
pacity of traveling and, according to 
previous observations, they are able to 
migrate as much as thirty meters.” 

The experiments of Fuchs (1911), here- 
in described, substantiate the testimony of 
Vanha and Stoklasa. 

Fuchs states that according to the ex- 
periments of Haberlandt, 1877, the larve of 
Tylenchus tritici can travel only 20 centi- 
meters, and according to the more recent 
researches of Marcinowski, from 5 to 10 
centimeters. Therefore, the results of the 
research of Fuchs were the more surpris- 
ing in showing that the larve of Hetero- 
dera schachtti were able in two weeks to 
travel 3 meters, 20 centimeters. in ~* the 
presence of favorable moisture and tem- 
perature conditions. 

Kiihn (1881, 1886) demonstrated that 
the larve of one generation are able to 
travel 18 meters. But all his experiments 
were made in the field, where transporta- 
tion by flowing water was not prevented. 
In the experiments of 1881 the transporta- 
tion-of cysts by means of plows was very 
probable. He himself said: 

“Especially did they follow a southerly 
direction, probably because there the field is 
somewhat more retentive of moisture.” 

(Sie folgten dabei vorzugsweise der 
Richtung nach Stiden, wahrscheinlich des- 
halb, der Acker - etwas  Feuchtigkeitshal- 
tigerast, tt) : 

This leaves one to conclude that a wan- 
dering in, the direction of trickling rain 
water was observed. It is generally known 
that water, both in small quantities in 
fields, and in large ones in river and stream, 
is a great and, therefore, dangerous means 
of transportation. These disturbing fac- 
tors, then, must be removed, should we 
attempt to determine to what distance the 
larve can travel. Equally, transportation 
by methods of cultivation should be 
avoided. 

Wooden boxes 20 centimeters deep and 


TasLe X.—Plants susceptible to attack by the sugar-beet nematode. 


1The nomenclature followed in these lists is that used by the systematic botanists of 
the Bureau of Plant Industry. The list was submitted to the office of Taxonomic In- 
vestigations of that Bureau, where it was revised by Mr. P. L. Ricker. 


Scientific name. Common name. Observed by. 
*Agropyrum repens (Triticum repens)....... Couch-oraccem ence Tarnani, 1898. 
*Agrostemma ELA Ochs Stee ee ae chs Gorn cockle=ies nese Kuhn, 1881. 
*Alsine media (Stellaria media)............. Chickweedi- aera Hollrung, 1890. 
*Anchusa officinalis (A. arvensis)............ @Oxefoncuee eee eres Liebenberg (accord- 

é ing to Kihn, 1881), 
AGL: ZOTAUCOTENS ccc sxe vied ob st ee ane ICRL ORY IE a sans wes Ss SaaS Frank, 1896. 
*Arrhenatherum elatius ........0ccccueeecess Tall meadow oat grass. Hollrung, 1890. 
LLLP ICA NOPCANSESH <tc ees ee de aha Garden! orach’ 2.20. Kiihn, 1881. 
Be RR OE SE ORIG NS a nas a ae kn pasa: Date certa: hose pane Kihn, 1874. 
“EOD ail IGT A Rye a a ee eee WeetsSae ceo. ex faeseee Schmidt, 1871. 
*Brassica sp: : 
B. arvensis (Sinapis arvensis)........... @harlocke-c.teae tec 
CIN DEST IS TINS severieiion. cee ee kee Ritabaea : aeaterere 
Ma AES CEC eet ose Nera ary oke ay oskk cranny s eka ooeea stats Chinese mustard ... 
SURED EEN ta Mahe Mastarsie iin one, clsteelive ae Rape weit beeen 
BoOMmg¢ta (SUMaPtS niG7r@) cece cece eens Nitistard sss.eecemesae 3 
Bee OLCFACEG DOT YTS. close care EO Cauliflower, broccoli. | Kiihn, 1881. 
B; oleracea’ capttata. ....2..%.<2 Epa Cabbaged en cece 
US COLOV IEC EM. CNTAUAS eyo. ave sy anes Shieh Ses Kale=icollardiaee ace 
WSR CR IN CMSES: Che pga ane arcs yee Nec Pov geBE Chinese cabbage .... 
TBI REISE on it eee oe cea AWcroan Sra de Sec e ae 
Be alba-_(CSinapis alba): oo... i wi one White mustard ..... 
PNG CPC URIGE eS INCE Sen eee. heats Coe a eon nee Ea Se axe ee ere eo 
SS CGMHGUSS SUITE Sod ORS Wel coe iste ws ELC ice eee ee Hollrung, 1890. 
*Chetochloa viridis (Setaria viridis) ......... Green’ foxtall, o..-- 2. Hollrung, 1890. 
CHENG O dW. GLIUMME 3 cic c ose eces se bs Pigweed! waco ce Kihn, 1881. 
REED a) DELETE MG] IST EO a CE Ea RIES cee Hollrung, 1890. 
*Chenopodium polyspermum ..........000005 INN o Ra sec oe Be Tarnani, 1898. 
*Dianthus sp. (4 species introduced)........ Pak eee Sis cre eset een Chatin, 1891. 
SEDER ETD ENE RUST eT AO tN Pe Cae SERENE ea Ar Liebenberg (accord- 
ing to Kuhn, 1881). 
ST eHAnthus, GURUUS. g. CeKo on rik ie pene Sunflower -.>-cspmecce Schmidt, 1872. 
“Holcus saccharatus (Sorghum saccharatum).Sorghum ............ Hollrung, 1890. 
TEP OVACUIN, GASHCHON  oi.5 ccc. < coer oes ....Six-rowed barley ....Kiihn, 1874. 
POV ACUIMNAVULGUVE. wo o.= fo ae cw oe a oc temas Two-rowed barley ...Hollrung, 1890. 
EP IATL SLU ULES | Gee aro are cae ote was FLOPS Sac eee eee eeotere Percival, 1895. 
EVO NEUEMERS IMAGER case ors a besedilo wrote vs Black=henbane . <2... ..- Vanha and Stok- 
lasa, 1896. 
WSISIES BATU CLOL EIU ee eR, tok econ t Rone ine Dyers woade ermecce Hollrung, 1890. 
*Lamium. amplericatle 2... 0.06500 c cea Dead nettle, henbit....Hollrung, 1890. 
RISE MASALS CLEC Seen as oer SOS es ae pes Lesser chick-pea ..... Kihn, 1881. 
Py IA IAIS AOGOR IMGs cin o ta mierda 5 ose Sse ss Sweet: pea). ees aa Frank, 1896. 
Lenitlla lens (Ervum lens). w2........0.0..0. WKentil consecrate eae Hollrung, 1890. 
TIL CPUUAUME SOMOUME 6 Sos 5 cme tre ies as eee es Garden peppergrass...Kihn, 1881 
SAIL PIUTRASSAMAML ORES eet i Poet Pom os, seas es ae Yellow lupine ........ Frank, 1896. 
SS ENS Rp oo a/1g ae oe AR oe rece Wild bugloss ........ Vanka and Stok- 
lasa, 1896. 
SMW CAICAGO — IMPULRG © oe. wesin 3 4 ore wee ot Yellow: tretoil> 2.2. Tarnani, 1898. 
SACRO 2 SERUG Oo yas nasa cio a alate Cates OSs Alfalfa. lucern....2 5s. Hollrung, 1898. 
FPA mae SGI. Ss eels ier oe Seta a, oe Rarsnipwee tice ctw ase Hollrung, 1890. 
*Phaseolus vulgaris (P. nanus).........5.... Dwarf pea-bean ..... Hollrung, 1890. 
PHUSCOLES DUMLTOUES. oF  Ael intere oe oe Fee Kidner bean .-....... Frank, 1896. 
RHI CUsi es PILE NS Gap oe so crass w'n'~ Sommer sida 2% Abimio lava years = sao 457s Hollrung, 1890. 
PEE A TTT prs, 5 RE Te, He Gardenmrpea ap ouGee ast Liebscher, 1890. 
SS ERAT A TE gs 11 Yee Ge Sa AEE eden net ear ..Annual meadow grass. Liebenberg (accord- 
*Polygonum lapathifolium -......-......-..++ Pale persicaria ....... ing to Kuhn, 1881.) 
Peery IMEC WM: ons hor yi ore ees Dyers rocket ........ Gain, 1894 (accord- 
ing to Houard, 
helen’ 
*Rhaphanus raphanisirum ...........------- Wild radish ........- Kihn, 1881. 
TRRAGpRURUS SUUIUS —-....-- <2 = +--+ - 25 -- RadISH age sateen Schmidt, 1872. 
SET UIE TERY CULE Meno eS Sail 2, oie Noa CjsKete o, Rav eciere RV Ci: ehh eee eee ese Kihn, 1881. 
*Sinapis (See Brassica sp. 
Exped nigrum ...... : NE SI alr fag, Ps Gm Black nightshade ..... Vanha and Stok- 


lasa, 1896. 


* SOLEMN CLUDETOSUM: Ue nein nian ee aie a eins Potatoes nor en ae ( re to 


*Sonchus asper (S. oleraceus) .....:....0%- Sow. thistieusaneriae te Tarnani, 1898. 

SPINGCLUMOIEHOCER Bom eee epee Spinach sere co arene Schmidt, 1872. 

+ TAKA AGUIN MOIGIN GCE eerie Tee Dandelion rece Vanha and Stok- 
lasa, 1896. 

XT rifOlUm WCGINGlUm. .. 225-5 .- ees as ees Crimson) clover ercrre Hollrung, 1890. 

5d Ae ROL ON AAU cuatro DoS nUoIdsh 5000050 White clover... .2.. .- Hollrung, 1890. 

*Trificum e@estwum (T. vulgare)...........+. Wiheatdsacempeie eas. Kihn, 1874. 

VAGIG SPaeCalSOmINaCUltl Vall On) macmmiraceeil aaa Wetcht ont qe cancers Liebscher, 1890. 

LED MOAN Saxe Cee Gee en Bate cea COrit tote eee Hollrung, 1890. 


1According to L. P. Byars (correspondenze with the author, January, 1913) the sugar- 
beet nematode has been observed in Califor nia on the curled dock (Rumex crispus) and 
red pigweed (Amaranthus retroflexus). 


Taste XI.—Plants exempt from beet-nematode attack, according to the researches of 
Hollrung.* 


According to a later list by Marcinowski, plants marked with a star (*) are suscep- 


tible 
Scientific Name. Common Name. 
Asteracee: 
UE CTCHONIUTANIN DUS MA att 20. caketee Clan tert aoe Chicory. 
SW LTO) RAT OUT KUL) eas OC eC OLA LOS GaN OCIS oO i Lettuce. 
ay ValAhL A UGS CHIEU. corso peor oanodanoosnodee acu Sunflower. 
A LCHANTNUS] LUBETOSUS, Sane ee nico em niaee ee Jerusalem artichoke. 
De ATLCMUSIG GLACUIIGUIULS see cee oe eee lee ea niels Biting dragon. 
6: Mairicaria chamomulla nec onc ues oe eine Wild camomile. 
(ai Calendula onicinalys. eink oe ict ccte oe etletetoks Garden marigold. 
8. Carduus crispus acanthoides (C. acanthoides)..Welted thistle. 
9. Mariana lactea (Silybum marianum)........... Milk thistle. 
LO CORINGMUS STICLOTINS: oe sed: cael tele tee Safflower. 
TR CareUSUCHEGICUsS ate ne tek vee reece eee Blessed thistle. 
Oe COnLOURC OI OCC Maes. wy e RoR A acs ee ee Knapweed or centaury. 
TSB CLUSMPETENNIS cued tie aoe hen ee English daisy. 
VEE IRIGY NOX. PAOLO RUS: niohbocnotececoonbacees Oyster plant. 
LSS CONZOMELG ANISP ANCE Aocecaccle dels iol oekatnine Winter asparagus. 
VOPPVECOTOMESO MUG, ont Recents es eee eae Tarweed. 
WD UPSACUS =F ULLOMUNU maior cee Le re ee ees Fuller’s teasel. 
*18, Sonchus asper (S. oleraceus)..........0...02- Sow thistle. 
TOM SENE CIOS UUIOGTIS: srncts las Note ean oe ee Groundsel. 
Aniacee ; 
S20 brim. _graveolens) % sone selec tec ates coats ee Celery. 
21. Carum petroselinum (Petroselinum sativum).. Parsley. 
DPA AGT OILY Ap AIOE = GACH GMD SIGE OOOO DOC CR CBE OT Caraway. 
Dot ePIvElla ONASUIN. scrie derete sae Goce aloes Anise. 
DAMA NEINUHY OLGUCOLENS a ten hieinae ei entera a aceite: Dill. 
TONE OSHNACOMSOMUG = he ee rete h chia taiea hen ees Parsnip. 
26. Heracleum sphondylium ......0000.c0000++008 European cow parsnip. 
lee) CU CUSMCOKOLG Se wate catin etitae ee oon ee Carrot. 
28. Anthriscus cerefoliam ho. 2 sone Soden sees Garden chervil. 
29. Chaerophyllum bulbosum ......c00ccceecceees Parsnip chervil. 
SE COMMAND OUI Ga doces HaeOOobben oon beso oS Coriander. 
Solanacez : 
ASME MO OLUMUIM Me LUOCVOSUME Mian te poctenicselet esos Potato. 
SES INTRO: THORS Tde dcahogdoedOGObeueoe bond ot Tobacco. 
SS COPSICUMAANNUUINT Bear ate ther stt seers ee Red or cayenne pepper. 
SAD) GUO AST GMONIU Ware aaa ees eee Jimson weed. 
430 EL NOSCNAMUUSHIIGE Ter otic heen eae eae ae Black henbane. 
Papaveracee : 
OO Op AUciaeSOMMNI CHUM ameter teiaeine eet nee Poppy. 
Fabacee: 
lsc LVt OUMM SD DTULEHS Cue en Ren =e ee ae eee Red clover. 
op tom IP ARO MRAM ALS® ab obutemee baobab see osbouoe White clover. 
SU AEA IBNOARRIG “caondodonanodnauoagabnaces Alsike clover. 
*40 5 Ty vfoltuin. ANCOrnatUmn «o.oo a tones. ssn Crimson clover. 
41. Trifolium alexandrinwm .o.c.ccceccccecsesssee Egyptian clover. 
FAD Medicago, SGUUGH ARR sear a ee Alfalfa, lucern. 
43. Medicago sativa-varia (M. media)............ Sand lucern. 
Ad eMedtcago x falcdigven ante Grant. <2 eee Sickle-podded_ clover. 
¥45. Medicago’ lupulina =: ; 0s sicads tenes. ole ee Yellow trefoil. 


46. Trigonella foenumgraeccum ..........eececeuee Fenugreek. 


47. Anthyllis CMON Ot OM eee Rt ee oe hed =: Kidney vetch. 
OSS TNL GA TESNGT AGI ee ar CO a aa Sweet white clover. 


BO MGCHIOLUS - OMEHUBIS noon Fs Yes eon cons ce Yellow clover. 

Ee E OU S MCONMICWILWS | ane, ocisl< cutee socio occeeey sokcce oc Bird’s-foot trefoil. 

Ot OPNUMO Pus SQUOUS 2.06 Se es fae des csc ck Seratella. 

02. Onobrychis vulgaris (O. sativa)............... Sainfoin. 

53 Onobrychis petraea (Hedysarum petraeum)... 

WE OICEH OVICHINWM: Avaca u ches 2 sk Seok cows cance, Chick-pea 

oo. Lens lentilla (L. esculenta) ....0-000.-c0000.. Lentil 

56. Vivia monanthos (Eruum monanthos)......... 

SAC ANRC LO Newel Gra eet hc we Ss os See Common vetch. 

DOIG Fd in oes Ag TT NS ae en os Horse bean. 

ODEON IWS CININCHUN s aarcia sae etek kk Spanish pea. 

CUS LEHI OAS OUNUOIG oe Re Sm ae Bitter vetch. 

GIERIECEN IS MILL ROU se eney ere es a Everlasting pea. 

OBIE C TI yiUls SOCHT US tues ein eases oo ee Yellow-flowered pea. 

SO Ome USIUI MES LUC UN iate teers Senter ts okt orion Garden pea. 

Cs PaO SOLES OU OOMIS Twat he, «insta Fh os Eade ela wk Kidney bean. 

Com UPinNUSLAWOUSTUFOUINS. 6.5 0s cece hos one ak Blue flowered lupine. 

LOOM IU Pint Ss lUbeibss ones Wee hw. eae ek Yellow lupine. 

One eU PINUS Salo Ws ate ae eid a scx. bovis White lupine. 

OSHREU PINUS. Pereniiisw wert ean cones Old maid’s bonnet. 

Poacez , 

OOM OlUMIEPCrenie. 20s. estes 0 Lode oo sss Perennial rye-grass. 

70. Lolium multiforum (L. italicum) ............. Italian rye-grass. 

71. Lolium temulentum ..........<< Sopa acare RE Darnel. 

Fa iltide. IGM ON MI (OTH OLA® have, j REO ar OE ee Two-rowed barley. 

(SelM OMUCAU OM OSI MEM RVR Ceti PO soem SEO ee chee ee es Rn IS 

AERA HIS VN CMUDUUIUS «ck oe ole AS slavdiuv.gus Sic Glade nore s Upright sea-lyme grass. 

TV LACH: TURQLUUIM 3 02s os xcdces ee cctisbipncoerds Duck-bill wheat. 

HOPPE VUMCUIMN POLOMICWUI:. Wa. o 6. u0s coe nnn ne heteane Wild-goose wheat. 

Sele RN LEUCINE <SPCUU Un geter cls Geis. dcEn de ukiaero kaa en Seah Spelt wheat. 

18. Triticum MOnOCOCCUM vowcecsecccccccceeeeees One-grained wheat or St. Peter’s 
corn, 

LOUD LOMAS sSCOGUITUS) ae case st Ox canned eee Chess. 

SOS HOMUUS HIN OU UGaad tne sic. cit. ae.c pole sateen ee Soft brome-grass. 
See DV ONUUSIOT-UCIISIS eters on ol ios in ws Corn brome-grass. 
eg) tS KOMMUS BONE CLUS Ota a saan Sern ahs «loan eerie Upright brome-grass. 

“83. Festuca elatior (F. pratensis) ..0....c.ecc0c0s Tall meadow fescue. 
GAMES WEMN OUGANTEG tine ye ste attiteen. «sic Neniee eens Giant fescue grass. 
SUE SHILCO OULU etcetera keira orci cic oman ehovese, renee Sheep’s fescue. 

SOME SILOS ULUS OTUSEC MUS eee ate sft corte ae eee Crested dog’s-tail grass. 
87. Dactylis glomerata ..........-. Heian apace ee Orchard grass. 
SSR O GC aD OLCMS IS are aries tere ck ae pasion cantarsiayeavew. Somes Kentucky bluegrass. 
SOL IAD BOHN AOSIO SG Os Gene ae Oe OA EE Canada bluegrass. 
DV Clie CUl era eS atete evoke ee sactccrelerane GakenGn sasahtes ee Ciliated melic grass. 
lk PARA HOR Proce renee OD eee Sand oats. 
92. Trisetum flavescens (Avena flavescens) ....... Yellow oat-grass. 
*93. Arrhenatherum elatius (A. elatior) ........... Tall oat-grass. 
94. Hotholcus lanatus (Holcus lanatus) .......... Velvet grass. 
95. Deschampsia caespitosa (Aira caespitosa) ....Tufted hair-grass. 
96. Deschampsia flexuosa (Aira flexuosa)......... Hair-grass. 
Oils IROGICHIOn (eISHGMOL 55 as ag bo pon Soo Ue on ace Prairie grass. 
OOS SANG RO ONC) Teas torkeee eae OR ent DE eb Roe eer Herd’s-grass, redtop. 
99. Agrostis alba vulgaris (A. vulgaris)........... Rhode Island bent-grass. 
100. Capriola dactylon (Cynodon dactylon)........ Bermuda grass. 
EL IR HLCU IN: PTALCNSE ~ scien cte otic pois cae e sewn a cere Timothy. : 
NOD AV OPCCUNUS=PrAleNSe reenc. caer oa 2 ee Meadow foxtail. 
108. Anthoxanthum odoratum ........... 00. eee Sweet vernal grass. 
104. Phalaris canariensis ......ccce cece ees e eee tees Canary grass. 
105. Chaetochloa italica (Setaria italica)........... Italian millet. 
106. Panicum miliaceum ......-0 ee eee e ones Slee Millet. 
107. Syntherisma sanguinale (Panicum sanguinale).Crab-grass. 
108. Andropogon ischaemum ......cceeccccccnnees Woolly andropogon, 
*109. Sorghum saccharatum ..........-..0000....+.Sorghum or Chinese sugar cane. 
NM, Z@Gh WIGMIS co oudioogareaeeoe sony oso GUS bopeaaddt Corn. 


Outside of the above-named families, the following are not attacked by the beet 


nematode: 
111. Linum usitatissimum ...ccc cece eens cee ee eees Flax. 


TLD CGHNADISESATIUD lirwietelatstate oa-letote eels cele terry rekon: Hemp. 

*118; Humulus [upulus. .cccs ccves we ee cues ero. Hops. : 

114, Radicula armoracia (Cochlearia armoracia)....Horse-radish. 

115. Fagopyrum vulgare (Polygonum fagopyrum) .. Buckwheat. 

116. Fagopyrum tartaricum (Polygonum tartaricum).Tartary buckwheat. 


11%. Polygonum sieboldt occ. cvecn eee een etme stent eee ee hp nieisianar ea stale nats pierre 
*118. Polygonum lapathifolimm .......40..ceccerees Pale persicaria. 
WI9S Convoloulus. 25 oR akan Sot Meh cone eae Bindweed. 

LQ0MA uin« Cepal ea. ett eee Toe es eter ent on rere Onion. 

LON A lla ascaloivictim Ba... teeter Shallot. 

122. Allium schoenoprassuit .......ceecceessevcas> Chives. 

DBE SATs PROAMUL, btaocagodcoocy Add asonocamsl es Leek. 

IEE AIMCO CHUCTOUED caskoonagdonbo0bbooucooos Asparagus. 

ZY EVE TIES QULMION sodeocoGdb Cabo Nos UDODOGIe nO Our Cucumber. 

IOC MCrieur dita PEepos arenes sole eric. rcceatoerto se ereee ieee Pumpkin. 

NOE SEO G OIG PUESEG triers ave eet sterrctptere terres teeters Strawberry. 

NOISES ROT IS GT Gio, eck popin ote SORE EUS SD BUT OOCN OGG European raspberry. 
129. Ribes reclinatum (R. grossularia)..........06+ Gooseberry, 

TSO MEd cr aP elie Wee See oe Ohne Peco eee English ivy. 
FIBUASUtS TN CLOTIO! curds Oo <x we ole tee eee peer Dyer’s woad. 
IGRI Aaa? MUNMGTAIO) eee ce REIN AS on Onad doch sath ac 5 English violet. 
1383. Dianthus carthusianorum ....0cccceceeveeeees Carthusian pink. 
IBARS pergulamarvensis: sdumrcic cise etrernereere tein Spurry. 

135. Sanguisorba minor (Poterium sanguisorba).... Burnet. 
LD3G6ePOrialaca S OVET ACCU. Lies nraeis om wsle bios sa beteleeiie’ Purslane. — 

1STR OCHOLNELA DICNMIS — Jair s. aie tse cs tole 9 ee stele Evening primrose. 
BSH Soyo Whe? OTRAS soppadtiooodubdngboooadoub. Bouncing Bet. 
ABOMNGG CHO RSOMUA™ terete an chiraset aetna trae Black cumin. 
LAO IRNVE TAR GCLOS CIAO eh oni ates Sheep sorrel. 
TARR HICH AICTES PIUS war ge Belen ont Aer Curled dock. 

TAD RUIME LEN GLOMET OLS tarts ats rasta lant) rac ene Clustered dock. 
LASECA APlCAMOSTATINIEN Rr eee isin erie eine Lamb’s-quarters. 
TAA Ee PHOr LOS. Mineo aoe aioe ee eerie Spurge. 

TADS RUHL OG MOTICINGII Sta rae aceite eee Tee Fumitory. 

146. Lychnis alba (Melandrium album)............ Bachelor’s-button. 
147. Antirrhinwm Magus ciccieccccsecccsccccercces Snapdragon. 

IASB Or COOMONICINGIS ERE Le een eee Borage. 
TADNGonvoluieluSmtriCol Oram tatiana Three-colored bindweed. 
150° Vialertanella olitoviae 2). nan tin eie ee iseeiee Corn sald. 

isl, inno. Mane QH Gosasbhoakosebecnconesanc English plantain. 
Lae KO LAC OMI OTUs mesa. serio eer ee Nasturtium. 

Vio ellie er OSCOmm ence eh ee ee eee Hollyhock. 

TEL AVCH NAPE CTISP Ot ne ee oe ce Curled mint. 
eatin OHE TUS saoocodasnepanenndadarauo Ac Scarlet sage. 
LE OMSIOTKAT ke DRTC. ceae Gab 6 Shae seo Goe an tole c White sage. 

LS eeclinesee ser pyllam= ne wren ee ee Wild thyme. 
ites SUMOGeGHO). THOPMAPRIS. oocaucosn0n6degae0cad oo One Summer savory. 
159. Amaracus vulgare (Origanum majorana)..... Sweet marjorum. 
160. Lamium purpureum ..... ccc ccc ccc eveccccces Red dead nettle. 
IGS eSamiLi moricn idle ae arm senile eee Sesame. 
162.-Avenaria Serpyllifolia 0.0.2... sce ccccacsoee Sandweed. 

163. Aesculus hippocastanum ............ccccceeee Horse-chestnut. 
(GL TUNES ad OMESTICUM A Tee eres ae ee Greengage plum. 
LCS PERU S ONG eC Oe lee Woe Le inane Mahaleb cherry. 
166. Amygdalus communis (Pyrus communis)..... Almond. 

NG MLSE SULUCST IS Reet norte eee ene Apple. 


1According to Byars, this plant has been found «*tacked by the beet nematode in Cali- 
fornia, (by G. F. Scott, neér Spreckels, Cal., 1911). 


Taste XI1—Nonsusceptible plants of major or minor importance. 
A.—PLANTS OF MA{OR IMPORTANCE. 


Scientific Name, Common Name. 
AStOSHS CLEC Ea ae ES LE EEE Herd’s-grass, redtop. 
A OY OSS RU O CIUS aii rate ea codes eran stkees tote he ee Rhode Island bent-grass. 
IDGCiIN SS OLOMENC Se ee EERE ere ePe eee eer e Orchard grass. 
TC SWCEO. SPV OLEWSES mnie ck neo eee ciel eee eee Tall meadow grass. 
LARUE USIEDESSUNIUINE Pee eee ee Flax. 
NACOHONG NIGbACINs eee ie OL ae Leon eee Tobacco. 
PrinuscdOMesHCa et Ree Ae ee Greengage plum. 
ET UACUIN™ SPOULO— RAR a ee Spelt wheat. 


B.- ®LANTS OF MINOR IMPORTANCE. 


Allium cepa 
Capsicum annuum 
Carum petroselinum 
Cichorium intybus 
Cucumis sativus 

' Cucurbita pepo 
Daucus carota 
Fragaria vesca 


Lactuca sativa 
Tragapogon porrifolius 


5) BUMS R ROS Ae ena ueuianieri eile (a\'e(s ‘sje a0 e=anlal ole. sie 
eloe(aila 16 [eh wle\ ew idiintel@ 0) es eee e)e.e o 0 we @ 
ita) SAL eo RS eSEtes el “Le livitemal eel ste euie) eta \s, 6 ira) fe 

oY ase Je sliay ala’ gf s\te¥isial ‘e\al] o}(s})s, 6 \vexte.e ein .0\ 6. ee 

©) Salley ess) s+ «selec u'e ee) 6, 9/6: 6 sfieke 6 vjeye) e's 

ae ee! «felt (ote vis. in .et 6's 8s) ¢) of wee! es) ae 6 


Onion. 

Asparagus. 

Red or cayenne pepper. 
Parsley. 

Chicory. 


Strawberry. 
Jerusalem artichoke. 
Lettuce. 

Oyster plant. 


C.—PLANTS OF MAJOR OR MINOR IMPORTANCE ACCORDING TO LOCALITY.” 


Chaelochloa italica 
Melilotus alba 


eC enn eee ee ee 


SKeueorslieiel ee in \ v\iatiel\s'Te).ne' 6! 6, e cated ave 0/0) 6,16 "eet s.0'6 


Italian millet. 
White sweet clover. 


“The potato, which in Europe is found to be but little subject to nematode infestation 
and is therefore generally included in rotation series, might be added to list C. 


30 centimeters wide and of  yarious 
lengths were filled with soil which, as a 
precaution, had been placed, in part, in a 
Schimmelbusch sterilizer at 100° C€. and, 
in part, it was heated to 80 or 90° C. over 
an open fire, therefore, absolutely freed of 
nematodes. As soon as this soil had set- 
tled into a normal condition, partly by 
sprinkling, and partly by compacting, one 
end of each box was filled in with nema- 
tode-infested soil for about 10 centimeters 
of its length and the entire depth. This 
soil was then closely compressed to bring 
it thoroughly in contact with the sterile 
soil. The boxes were then inclined ata 
slope of about 1 in 20, with the infested 
soil at the lower end, thus avoiding the 
chance of larve being carried from in- 
fested to sterile soil by water that might 
be sprinkled on the surface. 


On March 7 two boxes were sown with 
Sinapis alba. This was done thickly in 
box No. 1, especially in the nematode-in- 
fested soil, so that an abundance of host 
plants should be provided. In box No. 2 
no seed was sown in the infested soil, but 
in the sterile soil two rows were sown 
lengthwise, so that here the host plants 
should not be very plentiful. 

On March 12 the washing tests hitherto 
described showed that larve had begun 
to emerge and travel. 

On April 7 the month-old plants were 
examined, showing in both boxes that lar- 
vee had penetrated only 7 centimeters into 
the sterile soil. No difference could be 
observed whether few or many host plants 
were available. They had never developed 
beyond the first larval stage. Fuchs did 
not find a single flask form. That they 
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had traveled so short a distance is to be 
explained by the prevailing low tempera- 
ture. When all plants had been removed, 
together with adhering soil, the boxes were 
again filled with healthy soil, and on April 
8 sowed with mustard. In box No. 1 the 
rows ran crosswise about 10 centimeters 
apart. In box No. 2 there were four 
lengthwise rows through the entire box, 
and three cross rows in box No. 3, set 
from 20 to 30 centimeters apart. 

On April 380 (after three weeks) the 
plants in box No. 1 were examined and 
larvae were found in cross rows 120 cen- 
timeters from infested soil. In box No. 2, 
they had penetrated 132 centimeters, 
though, to be sure, they were quite scat- 
tered in the last 50 centimeters. Neverthe- 
less Fuchs found five larvae in the root- 
lets of one plant 128 centimeters distant. 
A like result was obtained in box No. 3, 
where some larve were found in a cross 
row 120 centimeters from the infested 
soil. The plants that grew near the end 
of the box, 30 centimeters farther away, 
were free. 

Since from these -surprising results it 
was found that a box of 150 centimeters 
was not long enough, the experiment was 
then tried in a box 4.50 meters long. A 
box of this size was filled on June 4 with 
soil that had been heated to 100° C. and, 
at the lower end, for a distance of 10 
centimeters, with soil containing cysts. On 
June 18 two rows of Sinapis alba were 
sowed lengthwise in it. 

On July 4 Fuchs examined them and 
found in the rootlets of the young plants, 
at the infested end, larve that had reached 
the flask form. Flask forms were also 
found 10 centimeters farther, and as far 


away as 50 centimeters numerous young 
larve were found. At a distance of 70 
centimeters an average of one larve to 
five plants was found; at 80 centimeters 
from infested soil, one larva in about four 
roots; beyond 80 centimeters none were 
found. The plants 80 centimeters distant 
were now left, therefore, at a distance as 
great as he had found larve. All the 
plants intervening between these and the 
infested soil were destroyed, and the space 
was filled in with soil that had been heated 
ton t00 ==: 

On July 16 white mustard was again 
sown, the plants being examined on July 
30, whereby it was shown that the nema- 
todes had traveled 4 meters, equaling 
a distance of 3.20 meters for one genera- 
tion in two weeks. It is true that but few 
larve traveled so far, only one larva being 
found among eight plants, as against two 
larve to one root on plants 3.40 meters 
distant, corresponding to a journey of 2.60 
meters. At a distance of 2.80 meters, 
equaling a journey of 2 meters, about four 
embryos to a root were found. As a con- 
trol for these surprising results Fuchs re- 
peated the experiment, emptied and 
scorched the dry boxes with a Bunsen 
burner to sterilize them, filled them with 
nematode-free soil, and again set them at 
a similar slope, putting in infested soil in 
the same way. 

On August 17, two rows of white mus- 
tard were sown. On August 31 Fuchs 
examined the plants and found nematodes 
2.20 meters distant. He allowed the in- 
fested plants to remain. The others were 
removed and a fresh sowing made. By 
September 17 the plants at the end of the 
box were attacked, corresponding to 4.4 
meters from the infested soil, and a jour- 
ney of 2.30 meters in one generation. He 
believed that had the boxes been longer 
the larve would have traveled farther. 

Fuchs has therefore absolutely demon- 
strated that young larve of Heterodera 
Schachtti are able to travel a remarkable 
distance in soil. It is also shown that this 
ability is correlated with the temperature 
_ of the environment. The distance traveled 
is the greater the higher the temperature 
rises. It would appear that the average 
temperature of the midsummer of the hot 
districts of Europe is the optimum for the 
vital activities of the larve. Conversely, 
with falling temperatures the vital expres- 
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sions are duller, their movements slower, 
and their journey shorter. It also appears 
that the distance they can travel depends 
somewhat on the character of the soil— 
the condition, porosity, and mechanical 
constitution of the ground. In order to 
determine this, two boxes were taken and 
filled with typical ‘“Tiirkenschwanzsand,” 
very open, the other with heavier loam 


(Table VI). The latter was also pressed 
as much as possible. Each was filled 
at one end with nematode-infested soil. 
On August 3 a row of white mus- 


tard was sown lengthwise in each box. On 
August 19 both boxes were examined. In 
the sand the larve had infested all the 
plants in about equal degree, the whole 
length of the box, viz. 1.50 meters. An 
average of four larve were found on each 
root. In the loam they had traveled only 
1.85 meters, but plants over 50 centimeters 
distant were only irregularly and feebly 
attacked. Beyond 1 meter, about 1.5 larve 
to the root were found. 

It is seen, then, that the distance» trav- 
eled depends considerably on the kind of 
soil. It is a fact that the larve of Hetero- 
dera schachtit are able to travel 3 to 4 
meters in search of food, so that in one 
year, by its own activity, with five to six 
generations, Heterodera schachtti may 
penetrate 15 to 24 meters (49.2 to 78.75 
feet) and may even travel against running 
water by its own powers. 


In nature the matter is quite otherwise, 
and far more favorable to the spread of - 
the larve, because there running water 
becomes a factor of transportation not to 
be underestimated. 


The present writer is of the opinion that 
Fuchs overestimates the total distance the 
larve of Heterodera schachtii are capable 
of traveling in one year, since, from his 
own showing, the earlier generations do 
not travel nearly so far as those arising 
during the warm season, nor are those gen- 
erations arising late in the summer or fall 
capable of such extended travels. Prob- 
ably one-half to two-thirds of Fuchs’ esti- 
mate would be more nearly correct, or 
about 30 to 45 feet in one season. 


BY TRANSPORTATION OF INFESTED SOIL. 


But there are many other effective 
methods of spreading the pest, both more 
rapidly and widely. Soil borne on the 


shoes of laborers and others traversing 
fields, on the hoofs of horses and other 
farm stock, on implements, and on wagon 
wheels; all these would be fruitful means 
of conveying the pest from infested to 
clean fields. Soil shaken from infested 
beets into wagons in which beets are 
hauled to the factory might be scattered in 
clean fields; beet trash from the factory, or 
mud from the settling pond, spread on 
fields as fertilizers, may become prolific 
sources of infestation. 


OTHER AGENTS. 


Heavy rains also spread the pest from 
higher to lower ground, In irrigated por- 
tions of the United States, nematodes 
may be spread very extensively by means 
of irrigation water. According to Vanha 
and Stoklasa, there is little to fear that 
it may be spread by wind, because, as we 
are given to understand, it can not with- 
stand drying; thus, under conditions where 
the soil might be carried by wind, the ne- 
matode could not survive. However true 
this may be of the free-living forms, it 
does not follow that the brown cyst may 
not be thus transported. 

Since many other crops are susceptible 
tothe attacks of this worm, there is no 
reason why it may not be spread by meth- 
ods incidental to the handling of such 
crops. 

It was long thought that sheep and other 
farm stock could spread the nematode by 
means of their droppings. One investi- 
gator declared that he had discovered in- 
numerable live nematodes in the dung of 
sheep. If he did, they were probably in- 
testinal worms. - Chatin (1890) fed sheep 
on badly infested beets for several weeks. 
Careful examinations of their dejecta re- 
vealed no live, beet nematodes, or nema- 
todes of any kind, although the debris of 
such worms was found in abundance. 


CONDITIONS FAVORING THE BEET NEMATODE. 


Soil—It would appear from European 
experience that cultural conditions in gen- 
eral favor the perpetuation and spread of 
the beet nematode. As the result of an 
experiment to determine whether shallow 
or deep winter plowing would increase the 
yield of beets, Miiller (1911) concluded 
that deep plowing was more unfavorable 
to the beets. The beet nematode, unlike 
the root-knot nematode, is sufficiently ro- 
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bust to thrive in almost any kind of soil, 
light or heavy. The known host plants are 
so numerous and widespread, including, as 
they do, some of the commonest weeds of 
Europe and, through introduction, of this 
country, as well as many important culti- 
vated plants, that the worm is afforded 
ample opportunity to subsist apart from 
the presence of sugar beets. 


Temperature.—Although the eggs and 
larve may be killed by slight frosts, the 
brown-cyst stage is able to withstand the 
rigors of winter. However, there seems 
to be little doubt that larve seek the deep- 
er soil on the approach of winter, while 
still others gain entrance to root tissues, 
where they may survive until the following 
spring. 

On the other hand, the summer tempera- 
ture of the soil is highly favorable to the 
active and rapid development of this nema- 
tode. The eggs succumb to a temperature 
of 25° C. and the free-living adults are 
destroyed by a temperature of 35° C. The 
optimum range of temperature for the 
larve seems to lie between 15° and 25° C. 
Fuchs (1911) states that a soil tempera- 
ture of 63° C. is sufficient to kill the con- 
tents of the brown cysts. 


From this it would appear that in many 
states the cold of winter is severe enough 
to penetrate sufficiently deep to destroy all 
except the eggs and larve protected by 
the brown cysts. In this respect it would 
appear to differ from the root-knot nema- 
tode, according to Bessey (1911), who re- 
ported that he “saw it abundant on gin- 
seng in a slat shed at Menominee, Mich., 
where the soil, a year or so before, froze 
to a depth of more than 3 feet, and where, 
outside the shed, water pipes 5 feet below 
the surface were frozen. In spite of this 
cold the nematode injuries were bad the 
next year.. In York, Nebr., where the 
temperature goes below zero every year, 
and sometimes reaches nearly, or quite, to 
—30° F., this nematode survived the winter 
out of doors without protection.” 


The same writer continues: 


“His experiments show that the nema- 
todes are more active in midsummer, and 
that infection occurs more freely the warm- 
er the weather, except where-lack of rain 
permits the soil to dry out, in which case 
both plants and nematodes cease to thrive.” 


Stormer and Merganthaler state that the 
unusual drought. of 1911 (in Germany) 
seemed to be very favorable to the beet 
nematode, and the heat stimulating to its 


development, but these conditions were, at 
the same time, unfavorable to the beets. 

Moisture—The degree of moisture us- 
ually retained in cultivated soils is highly 
favorable to the activities of nematodes. 

Weeds—The rootlets of rank growths 
of weeds, many of them favorite host 
plants of both root-knot and sugar beet 
nematodes, so commonly left on roadsides, 
margins of fields, and along irrigation 
ditches, as well, probably, as the weeds 
that spring up in fields after the harvest- 
ing of crops, afford splendid holdover 
places. 

Susceptible Crops—The repeated culti- 
vation of sugar beets and other crops sus- 
ceptible to nematode attack is also most 
favorable to the persistence and increase 
of the pest. 

Prolific Character—The sugar-beet ne- 
matode is known to be very prolific. From 
five to seven generations may come into 
existence in a single season. Suppose 
each female to bring forth only 100 young, 
it would mean the theoretical possibility 
of a progeny of 31,887,755,100 individuals 
in six generations, or the astounding num- 


ber of 22,781,000,000,000 if each female 
produced the probable average of 300 
young. (Vanha and Stoklasa, 1896.) 


Absence of Enemies—Wolff states that 
the beet nematode is not known to have 
any insect or other enemy, and to a large 
extent it is protected from climatic dan- 
gers by the soil. 


CoNTROL oF THE BeET NEMATODE IN ISOLATED 
Spots. 
WITH LIVE STEAM. 


Since the control of the beet nematode 
is essentially a field problem, only passing 
mention will be made of methods whose 
application is practicable only on a small 
scale, as for example, in the greenhouse 
or on small garden plats. Among these are 
the use of live steam under pressure 
(Bessey, 1911). 


WITH CHEMICALS. 


In Europe innumerable attempts have 
been made to check or destroy the beet 
nematode by means of chemicals applied 
directly to the soil, but while some of the 
methods have proved successful on the 
small scale, to exterminate the worms from 
small isolated areas, all have had to be 
discarded, when applied to general field 
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conditions, as being either inefficacious or 
too costly. 

Carbon Disulphid—Among the more 
important agents and methods might be 
mentioned the application of carbon di- 
sulphid. The manner of applying this is 
to bore holes about 8 inches deep and 20 
inches apart in the infested areas, then to 
pour 100 cubic centimeters of carbon di- 
sulphid in each hole (Kihn, 1871 to 1905), 
filling up the holes with soil to prevent 
undue loss by evaporation of the chemical. 
Spiegler (1907) states that in 1894 he was 
able to destroy the nematodes only by the 
application of considerable quantities of 
this substance. Bessey, in 1907, found 
that in deep, sandy soil not all nematodes 
were killed by the application of 2 ounces 
of carbon disulphid per yard. In his ex- 
periments he made holes about 1 foot deep 
with a dibble, eight or nine to the square 
yard, using about a teaspoonful in each 


hole. To use much of this substance near 
growing plants would be dangerous to 
them. Spiegler also tried MHollrung’s 


method of application. In a plat of in- 
fested beets, holes about 8 inches deep 
were made, 20 inches apart in the row, 
100 cubic centimeters of carbon disulphid 
was poured in into each hole, the holes were 
then immediately filled with soil and trod- 
den. Each row so treated was alternated 
with an untreated check row. On noting 
the result of the experiment, Spiegler ex- 
claimed : 


“To my horror I found the nematodes 
everywhere. I have concluded that a small 
quantity of carbon disulphid does not in- 
jure the worms, and a large quantity is too 
costly.” 


Gas Water and Other Chemicals.—Gas 
water, gas lime, quicklime, calcium carbid, 
and other chemicals have been thoroughly 
tested. Some of these are efficacious when 
used in large quantities, as already stated, 
and are of value in operating on small 
areas, but all are impracticable, ineffica- 
cious, or too costly for field work. Most 
of them are injurious to plants. 


FIELD CONTROL. 


Fertilizers—Since infested beets mani- 
fest symptoms resembling those due to a 
lack of certain mineral foods, notably po- 
tassium, it was long thought that heavy 
applications of commercial fertilizers, rich 
in that element, might have bene‘cial re- 
sults. Much work was done in that direc- 


tion. This was carried so far that in 
many instances fields were over-fertilized, 
to the detriment of beets and other crops. 
Wilfarth and Wimmer (1903) have shown 
that nematodes abstract in nearly equal de- 
gree all the important plant foods from the 
beet. Therefore, should only a small quan- 
tity of potassium be present in the soil, 
the beets will soon show signs of potassium 
starvation and exhibit the typical symptoms 
—small weight, low sugar content, high 
percentage of foliage, as well as the ap- 
pearance of yellow and brown spots on 
the leaves and a general curling of the 
surviving foliage. 

Schander believes that in individual in- 
stances the liberal application of fertilizers, 
especially potassium salts, will diminish 
the injury due to nematode attack, but he 
does not by any means regard such treat- 
ment as suitable for universal application. 

An extensive series of experiments has 
been carried on at the Bernburg Experi- 
ment Station* to test the efficacy of the 
application of various fertilizers and plant 
foods as a means of at least reducing the 
ill effects of nematode attacks. In some 
cases a marked improvement in yield re- 
sulted, but no diminution in the number 
of worms. 
_Uzel (1911) recommends that young, 
badly infested beets be plowed out and left 
on the surface of the ground, it being ex- 
pected that, as the beets dry, large num- 
bers of the nematodes would be destroyed. 

Should there be an abundance of potas- 
sium in the soil the sugar percentage may 
not be reduced, but, despite the addition 
of fertilizers, the total yield will not be 
augmented. The plants may for a time 
appear to gain headway against the nema- 
todes, or the latter to be destroyed in part. 
The partial destruction of the pest is only 
apparent, as they remain uninjured, but 
the plants are temporarily stimulated. Not- 
withstanding this evidence, it is still held 
by some that the symptoms of beet weari- 
ness simply accompany nematode attacks, 
but are not caused by the parasite, or at 
least, only partially so. It is claimed that 
the disease arises in a manner analogous 
to a similar wilted or “weary” appearance 
in certain other plants, in which nematodes 
certainly play no part. It is noted in such 
plants after the same crop has repeatedly 
been grown on the same land. It appears 
to be due especially to an impoverishment 
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of the soil in certain materials quite in- 
dispensably necessary to the plant, and to 
an increase of injurious substances which 
stimulate the development of flora and 
fauna injurious to the roots. The latter 
part of this contention apparently has some 
support in the fact that beet weariness is 
generally worst in fields that have too re- 
peatedly been cropped with beets. 


Parasitic Fungi—Attempts have also 
been made to destroy the beet nematode 
by means of parasitic fungi, but on ac- 
count of the great expense entailed by such 
a method, and the doubtful character of 
the results, it merits no further considera- 
tion, 


Flooding.—Flooding is not recommended 
as a practical method of destroying nema- 
todes. Stift claims that it is of no value 
for this purpose; rather would it seem to 
be positively harmful, since the chances 
would ordinarily be greater for the spread 
of the worm than for its destruction. 

Drying—It has been shown that the 
free-living forms, at any rate, of the beet 
nematode are very susceptible to drying. 
Exposure to wind and sunshine quickly 
kills them; therefore, unless they penetrate 
to the deeper and moister soil, they would 
be destroyed in the surface layer. Thus it 
might be practicable to reduce their num- 
ber, especially in the semiarid belt, by re- 
peated deep stirring of the soil during the 
summer. This would probably not avail 
against the cyst. 

Fallow—The evidence goes to show 
that the beet nematode can endure starva- 
tion for a long period, certainly more than 
a year. It is much more certain, however, 
that it survives in the preservation form 
known as the brown cyst, than that free- 
living forms can long exist without food. 
Any fallow system designed to exterminate 
beet nematodes would have to take this 
preservation form into account. We have 
seen, that the brown cysts can preserve 
their contents in a viable condition as long 
as five years. To be sure, a fallow of even 
two or three years would cause the destruc- 
tion of most of the nematodes in the soil, 
if the ground were meantime kept abso- 
lutely free from weeds, or plants of any 
kind. This would be additionally effective 
if the ground were also stirred during the 
hot months. Of course, this method is 
open to the objection that the land remains 


unproductive, but this would be far better 
than to continue to get scanty yields from 
infested land. In some regions, too, bare 
land would be subject to washing by heavy 
rains, or, in other localities, light soils 
might be shifted by strong winds. 

Alkaline Solutions—aIn Europe, a prolific 
means of infestation has been through the 
application of slime from the sugar factory 
settling ponds as fertilizer to hitherto un- 
infested land. While this material, to- 
gether with discarded lime from the fac- 
tory, is beneficial in many cases, it should 
never be applied to the land if it has been 
infested with nematodes through the use 
of infested beets. That is, it should not 
be so used unless the nematodes contained 
in it have first been destroyed. This may 
be done by rendering the water in the 
settling pond decidedly alkaline through 
the addition of calcium hydrate. It has 
been found that an alkalinity of 0.03 per 
cent will destroy nematode larve in 24 
hours; weaker solutions are uncertain. An 
alkalinity of 0.124 per cent kills mature 
females and their contained embryos in 
11 days to the same extent that fresh milk 
of lime would kill them in 9 days. An 
exposure of 40 days to a solution of 0.031 
per cent alkalinity kills both females and 
embryos with certainty (Schwartz, 1911). 

Compost mixed with infested soil should 
never be applied to clean land, unless the 
nematodes have been destroyed by the ad- 
dition of a considerable percentage of fresh 
lime to the mixture. 

Trap Crops—The method devised by the 
noted German agriculturist, Kihn (1881, 
1882, 1886, 1891), has received greater at- 
tention and more has been hoped from its 
application than perhaps any other means 
of combating the beet nematode. This 
method is built upon the principle of catch- 
ing the nematodes upon the roots of rap- 
idly growing plants to which the worm is 
partial. Then the trap crop is destroyed 
by turning up its roots to the sun and wind, 
thus exposing at the same time such ne- 
matodes as may have attacked the roots. 

The method is essentially as follows: 
Shortly after the beets have appeared 
above ground in spring, a trap crop of 
summer rape is sown between the rows of 
beets. The nematodes are attracted to the 
roots of the rape. At a period some days 
before the females are ready to deposit 
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eggs, this crop is turned up, exposing 
roots to the sunshine and wind. This 
rapidly wilts the plants and kills the ad- 
hering nematodes. This uprooting of the 
rape should be done in dry, sunny weather. 
In moist or rainy weather the nematodes 
would survive and return to the soil. In 
such a contingency the trap crop would 
have to be gathered up as soon as it was 
uprooted, and carried away, to be at once 
thoroughly mixed with fresh lime to de- 
stroy the worms. It is necessary to sow 
as many as five or six trap crops during 
a single season. This method is both too 
precarious and too costly. Only a trained 
observer would be able to conduct it suc- 
cessfully. It has been generally abandoned. 


Spiegler (1911) who has tried this meth- 
od quite thoroughly, says of it: 


“Although I have not for some time been 
an adherent of this method, I must, for 
truth’s sake, state that I have obtained 
marked results from it. * * * The increase 
per acre averaged 7.124 tons. On another 
tract of 175.441 acres, an average increase 
of 3.609 tons an acre was obtained. In 
spite of this I have abandoned the trap 
crop method, because J have found it like 
a two-edged sword, which cuts both ways. 
Through the slightest fault, lack of care, 
unsuitable weather, etc. the nematodes 
are actually increased in number, instead 
of being destroyed. Besides this, it is too 
costly, takes too much time, and requires 
the greatest attention and experience.” 


By fallowing and by sowing trap crops 
on five different plats which were com- 
pletely infested by nematodes, Spiegler ob- 
tained the results shown in Table XIII. 


Taste XIII1.—Results of trials of the trap- 
crop method of beet nematode control, 
according to Spiegler. 


Yield (tons per acre). 


Area Without With 
Plat. (acres). trap crop. trap crop. 

ike 2.471 4.461 13.561 

10 9.884 10.057 16.371 

THA 22.239 9.368 alka2o 
Inve 24.71 7.940 13.606 

Ve 24.71 9.591 TOA 

COMBATING THE PEST BY ROTATING NONSUS- 


CEPTIELE CROPS. 


After long-continued research by the 
foremost investigators of Europe, the con- 
clusion has been reluctantly reached that 
neither the application of chemicals, par- 
asitic fungi, fertilizers, nor even the cele- 
brated trap-crop method of Ktihn are 


practicable. Each in turn has often been 
tried; all have been abandoned. 

It was finally seen that advantage must 
be taken of the fact that the nematode will 
not attack certain crops, or infests them 
but slightly. The probability that biologi- 
cal varieties arise through gradual adapta- 
tion to particular crops, and the conse- 
quent inability to severely infest a con- 
stantly changing series of crops through 
the lack of time to become adapted, also 
led to the conclusion that a long-time rota- 
tion with nonsusceptible crops might be 
efficacious. 

Thus it came about that a carefully 
planned system of rotation was worked 
out, in which susceptible crops appeared 
only once in six or seven years. 

A description of the most efficacious 
method of handling this question, as sug- 
gested and practiced by Spiegler, follows: 

Assuming that we have to do with land 
that has become more or less infested with 
the beet nematode, it is recommended that 
a series of sketch maps be made, repre- 
senting each field. In connection with the 
maps each field should have its folio for 
recording conditions. The more ot less in- 
fested spots should be clearly marked on 
the respective maps, and a record should 
be made on the proper folios of the ma- 
nuring and cropping of the previous sea- 
son. The weather conditions, soil charac- 
ter, as well as details of the composition 
of organic and artificial fertilizers, espe- 
cially the calcium and potassium needs of 
each plat, should also be recorded. In 
this way we may discover that an irra- 
tional and irregular rotation has long been 
carried on, thereby, through our own fault, 
augmenting the number of both nematodes 
and other enemies. We are thus brought 
to realize that a better system must be em- 
ployed. 

The land might be divided into four 
classes for treatment: (a) That which 
has become completely infested; (b) fields 
in which infestation is partial or slight; 
(c) fields in, which nematodes are found in 
sharply defined areas or spots; (d) those 
which are quite free from nematodes. 

For class a, a 6 to 8-year rotation must 
be planned, including only such crops as 
will not be favorable to the nematode 
Among these are cereals (except oats), 
clover, various grasses, sainfoin, horse 
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beans, common beans (Phaseolus vulga- 
ris), POPpy, Caraway, maize, onion, and 
mixed forage crops (excluding oats). 

Through repeated tilling the land will be 
rid of the remains of beet roots and the 
bacterial flora will be enabled to improve 
the soil conditions. 

Repeated cultivation during the hot 
summer time causes part of the nematodes 
to penetrate into the deeper soil through 
the drying of the upper stratum. It would 
be of great advantage, where possible, to 
let infested land lie fallow for several 
years, provided all weeds were kept down. 

By such a method, from fields where 
formerly Spiegler could obtain only 5.576 
tons per acre of beets that were almost 
useless for the factory, he thus obtained, 


in 1906, 16,951 tons per acre, and _ he, 
therefore, strongly recommends the 
method. 

Class b- must also be treated very 
carefully. No beets should be grown on 
slightly infested land for four or five 
years. It is recommended by Spiegler 


that the rotation be so arranged as to in- 
clude clover, horse beans, potatoes or 
mixed forage crops between cereals. 

Such a field, in 1901, yielded 11.152 tons 
to the acre. It was then treated as fol- 
lows: 1901, beets; 1902, barley; 1903, 
beans; 1904, wheat (without manure); 
1905, mixed forage, and in 1906 he ob- 
tained a yield of 20.074 tons of beets per 
acre. 

Thus it will be seen how responsive a 
field may be to such consideration, and 
how ample is the reward, yet how simple 
is this method of decimating the nema- 
todes. Such a system also, to a large de- 
gree, prevents the establishment of other 
pests and diseases and greatly improves 
the land. 

The sudden appearance of nematodes 
may sometimes be noted where none had 
been seen before, doubtless being local in- 
festation through the transportation of the 
pest by one of the many possible means. 
Such cases come under class c. Such lands 
should receive the greatest attention dur- 
ing June and early July (the time will 
vary greatly in the different beet districts 
of the United States, but it is the time 
when the symptoms of nematode infesta- 
tion become unmistakable in the beets), 
especially in dry, hot middays, to detect 
every infested spot. Should one or more 


such areas be discovered through droop- 
ing leaves of a sickly, dark-green color, 
one may be able to discover with the naked 
eye the ofttimes numerous adult females 
on the rootlets. Having made certain of 
this, all the beets in the infested area 
should at once be pulled up, care being 
taken to get all rootlets from the ground 
and, with their adhering soil, consign them 
to destruction. The infested spot must be 
isolated by digging around it a narrow 
trench about 12 inches deep, and in this 
trench fresh lime must be scattered. After 
having rid the infested spot of rootlets, it 
is thickly spread with fresh lime, which 
should be thoroughly mixed with the soil. 
This mixing must frequently be repeated 
during the hot weather, as well to has- 
ten the drying out of the nematodes as to 
destroy weeds. Further (or as a substi- 
tute) it would be well to employ the hith- 
erto-described Hollrung method of apply- 
ing carbon disulphid, using it liberally. 
Thus the spot may be completely isolated 
and the further spread of the parasite 
checked. 

Class d: In fields hitherto free from 
the pest it is necessary to exercise the 
greatest watchfulness that no nematodes 
be carried to it from already  infeste:] 
fields, since it would avail little to fight 
the parasite through costly and laborious 
methods, if we again spread it through 
thoughtlessness. 

The accumulated beet soil conveyed with 
beets to the factory, and the mud and slime 
which are deposited in the settling pond 
should never be carried to fields. This ma- 
terial should be disposed of by compost- 
ing it with liquid manure and quicklime. 
After allowing it to lie several years, with 
frequent stirring, it would be fine for ap- 
plying to isolated, wet pastures. 

Above all, a carefully planned, long-time 
rotation system should be carried out. This 
practice should be general, whether the 
land be infested or not. 


CROPS AVAILABLE FOR ROTATION ON INFESTED 
LAND. 


Since the beet zone of the United States 
embraces many States and a great diver- 
sity of climatic conditions, it will be neces- 
sary to make some kind of grouping or 
classification in order intelligently to work 
out suitable rotation series for the whole 
zone. 


The following classification is suggested: 


Group 1. California and Arizona. 

Group 2. Oregon and Washington. 

Group 3. Utah, Montana, Nevada, Col- 
orado, Kansas, South Dakota. | : 

Group 4. Nebraska, Wisconsin, Indi- 
ana, Michigan, Ohio, New York, and West 
Virginia. ; 

NONSUSCEPTIBLE CROPS. 

Group 1: Cowpeas, soy beans, sweet 
clover, wheat, barley, rye, the millets, toma- 
toes, asparagus, lettuce, cantaloupes, straw- 
berries. 

Group 2. Cowpeas, soy beans, sweet 
clover, wheat, barley, rye, millets, truck 
crops such as lettuce, asparagus, etc. (ex- 


cluding celery). 
Group 3. In addition to those under 


class 2 add potatoes, cantaloupes, and cu- 
cumbers. 

Group 4. Clover, cowpeas, sweet clover, 
soy beans, wheat, barley, rye, the millets, 
potatoes, tobacco, flax, peppermint, cucum- 
bers, strawberries, melons, lettuce, aspara- 
gus, some other truck crops, and the grass- 
es, with the exception of tall oat grass 
(Arrhenatherum). 

It is quite probable that it would be 
practicable to include some of the crops 
upon which the nematode has been re-' 
ported should a six or seven-year rotation 
be carried out. The frequent change of 
crops would give the nematode little 
chance to become adapted to any one kind ~ 
of crop. 

TREATMENT OF BEET SEED TO DESTROY THE 
NEMATODE. 

It has been demonstrated that some spe- 
cies of eelworm can withstand drying for 
long periods, e. g., Tylenchus dipsaci. It 
is probable that the brown-cyst stage of 
the sugar beet nematode can survive on 
commercial beet seed and thus be intro- 
duced into this country. Should it be 
proved that either Tylenchus dipsaci, Het- 
erodera schachtti, or other destructive spe- 
cies are brought in on beet seed, methods 
of ridding the seeds of such pests should 
be available. 

It has been shown that the free-living 
forms of Heterodera schachtii are very sen- 
sitive to desiccation, and for that reason 
would be unable to survive on commercial 
beet seed imported into this country. Small 
lumps of soil conveyed among beet seeds 
might retain sufficient moisture to preserve 
even the larve of the beet nematode. 
However, since the significant work of 
Fuchs has recently demonstrated that the 


1In Germany the potato is generally in- 
cluded in the rotation series, since this crop 
is not subject to severe infestations. 


The same is true of wheat, barley, and rye. 
Corn and lima beans should be added to 
groups 1 and 4 as being only slightly 
susceptible 


preservation or resistant form of this par- 
asite, the so-called “brown cyst,” can sur- 
vive great extremes of temperature and oi 
drought and still retain its contents, the 
eggs, in a viable condition, it would ap- 
pear that practically all doubt is removed, 
so far as it can be without actual demon- 
stration, that in such a form the beet nem- 
atode has been, and still is being, intro- 
duced into this country. This would seem 
the more certain from the fact that the 
pest has manifested itself only in the two 
oldest beet districts of the United States. 
There is no certainty that any other vehi- 
cle for the importation of the parasite has 
been available, although, as previously sug- 
gested, nursery stock and other agricultural 
products may have been a means. The 
rough surface of beet seedballs. might 
easily hold numerous brown cysts. But it 
is neither probable nor necessary that any 
considerable number of the cysts should be 
present in any sack of beet seed hecatse 
in the long run, where beets are repeatedly 
planted in the same fields for a long suc- 
cession of years, the small foci of .infes- 
tation resulting from but a few brown 
cysts would be sufficient to cause the spor- 
adic establishment of the nematode in 
those districts; then it is but a question of 
time for their increase to become great 
enough to attract attention. 


By oft-repeated tests Fuchs has clearly 
demonstrated that even the brown cyst 
is unable to protect its contents against a 
temperature of 63° C. At this tempera- 
ture, applied without moisture, all eggs and 
larve contained within the brown cyst 
are killed. 

This fact is believed to be the key to 
the solution of the problem of at least pre- 
venting the further introduction of this 
formidable foe of sugar beets with the 
seed. It appeared probable that beet seed 
might withstand a dry temperature far 
exceeding that mentioned as necessary for 
the destruction of the contents of the 
brown cyst, without injuring the germina- 
bility of the seed. 

To this end some samples of sugar beet 
seed were selected for the test. For the 
purposes of the experiment a water-jack- 
eted copper chamber was employed. A 
close-fitting cover, through which the bulb 
of a thermometer was passed, was pro- 
vided for the chamber, The water was 
heated by a gas jet controlled by a ther- 
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moregulator. When the temperature with- 
in the chamber had reached the desired 
point, the cover was rapidly removed and 
a small basket of wire mesh, in which a 
quantity of beet seed had been spread, was 
quickly set upon small corks placed in the 
bottom of the chamber. The basket was 
placed on corks in order to prevent direct 
contact with the walls of the chamber and 
to allow a free passage of air around the 
seedballs. 

On placing the basket of seed in the 
chamber, the temperature of the latter im- 
mediately fell several degrees, partly ow- 
ing to the momentary removal of the cov- 
er, and in part on account of the vapori- 
zation of moisture in the seedballs, and the 
absorption of a portion of the heat by the 
seedballs themselves. After the desired 
temperature had been resumed, the seed 
was retained in the chamber for the indi- 
cated period. 

The following notes were made in the 
course of this experiment: 

Sample No. 1—Control, untreated seed; 
Utah stock of 1910. 

Sample No. 2—One minute at 63° C. 
Put seed in chamber at 63° C. at 1 p. m. 
At once the temperature fell to 59° C. and 
had again risen to 63° C. at 1:09, where it 


was held for 1 minute, the seed then being 
immediately taken out. 

Sample No. 8—Five minutes at 63° C. 
Put seed in chamber at 63° C. at 1:11. p. 
m. The temperature fell to 59° C. at once, 
rising to 68° C. at 1:21% and was held 
there until 1:26. 

Sample No. 4—Ten minutes at 63° C. 
Put seed in chamber at 63° C. at 1:27% p. 
m. The temperature at once fell to 59.5% 
C. and rose to 68° C. at 1:34 and was held 
there until 1:44 p. m. 

Sample No. 5.—One minute at 70° C. 
Put seed in chamber at 70° C. at 1:50 p. 
m. The temperature fell to 64° C. at 1:52; 
rose to 70° C€. at 2:02 and was held there 
for one minute. 

Sample No. 6—Five minutes at 70° C. 
to 71° C.. Put seed in chamber at 70° C. 
at 2:04 p. m.; fell at once to 65° C.; rose 
LOE LC ateoul4--tose tomil. Cy at eis 
held there until 2:19. 

Sample No. 7—Ten minutes at 70° C. 
to 71° C. Put seed in chamber at 70° C. 
at 2:21 p. m.; at once the temperature fell 
to 67° C. and rose to 70° C. at 2:27; rose 
to 71° C. at 2:29 and remained there until 
2:37 p. m. 

The treated samples of seed were then 
turned over to the seed laboratory of the 
Department of Agriculture for germina- 
tion under standard conditions. From the 
results of the germination of this first 


series of samples, it was found that the 


seed fell much below the Magdeburg stand- 
ard of germination, but since the treated 
seed was compared with untreated seed 
of the same lot that fact is not material. 
The results obtained are as shown in Table 
XIV. 


Taste XIV.—Germination test of treated 
and untreated beet seed of Utah Stock 
of 1910. 

Number 

of 
Ger- sprouts 
Dura- mina- per 
tion tionof 100 


Sample of test seed- seed- 
0. Treatment. days. balls, balls. 
percent. 
1. Control (untreated) 13 53 88 
2. sl minutesvatioo. €. v138" “46 79 
3. © minutes at 63° C, 13 41 68 
4. 10 minutes at 68° C. 138 58 85 
Deelesminite ates ce Gatton 0p mlo6 
6. 5 minutes at 70° to 
Aces Genes see {3 ee Glee 102 
7. 10 minutes at 70° to : 
ae gece Be os ey 2S 77 


A second and fresher lot of seed was 


then selected and subjected to similar 
treatment. The following notes were 
taken: 


Sample No. 1.—Control, untreated seed; 
Utah stock of 1912. 

Sample No. 2—One minute at 63° C. 
Put seed in chamber at 63° C. at 10:02 
a.m. The temperature fell to 61° C. at 
10:03; rose to 63° C. at 10:06 and was held 
there for one minute. 

Sample No. 3.—Five minutes at 63° C. 
to 65° C. Put seed in chamber at 63° C. 
at 10:13 a.m. The temperature fell to 62° 
Gat 10:14 rose’ to’-63- "Gr at L015 and 
was ee for five minutes between 63° and 
65° 5G: 

Sample No. 4—Ten minutes at 63° C. 
to 65° C. Put seed in chamber at 63° C. 
at 10:30 a.m. The temperature fell to 61° 
C. at 10:31; rose to 63° C. at 10:33 and 
was held between 63° and 65° C- for 10 
minutes. 


Sample No. 5.—One minute at 70° C. 
Put seed in chamber at 70° C. at 11:00 a. 
m. The temperature fell to 66° C. at 
11:01; rose to 70° C. at 11:05 and was held 
there for one minute. 

Sample No. 6.—Five minutes at 70° to 
73° C. Put seed in chamber at 70° C. at 
11:11 a. m. The temperature fell to 69° 
at 11:12: rose to 70° at 11:13: held be- 
tween 70° and 73° C. for 5 minutes. 

Sample No. 7.—Ten minutes at 70° to 75° 
C. Put seed in chamber at 70° C. at 11:28; 
temperature fell to 69° at 11:29: rose to 
70° at 11:31; held between 70° and 75° C. 
for 10 minutes. 

Sample No. 8—Fifteen minutes at 75° C. 
Put seed in chamber at 75° C. at 2:19 p. m. 
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The temperature fell to 69° C. at 2:22; 
rose to 71° at 2:30, to 73° at 2:35 ; held 
for 15 minutes between 73° and 75° C. 

This series was also sent to the Seed 
Laboratory of the Department of Agricul- 
ture for a standard germination test. The 
results at the end of 5 and 10 days are 
shown in Table XV. 


After allowing for a normal range of 
variability, it seems obvious from the re- 
sults of these tests that the exposure of 
the seed in the manner described has not 
diminished their germinability, with the 
possible exception of the last number in 
each series. Even in those cases the dimi- 
nution is only such as might occur between 
different random samples from the same 
lot of seed. In the first series it is quite 
evident that the sample of seed was a poor 
one, but the germinability of the second 
series was excellent. 


In both series a stimulation of germin- 
ability is apparent, the percentage of sev- 
eral members of each series exceeding 
what might be considered a normal varia- 
tion. This would seem to confirm the work 
of Hegyi (1911), who has recently shown 
that a reduction of the water content of 
beet seeds increases their germinability, 
makes the seedlings more vigorous and 
more resistant to damping-off fungi. He 
found this to be true whether the water 
content were reduced by artificial means 
(he dried them at a temperature of 55° C.) 
or by natural means, such as the compara- 
tive drouth or low relative humidity of 
one district as compared with another. 


Since Fuchs has demonstrated that all 
the contents of the preservation form of 
the beet nematode are killed upon exposure 
for even a brief time to a temperature of 
63° C., it is obvious that the above de- 
scribed treatment of beet seed will at the 
same time leave the seed uninjured and de- 
stroy all forms of the parasite. Not only 
so, but there is an apparent gain in the 
germinability of the seed through the re-_ 
sultant diminution of the water content. 


Since a temperature of 63° C. applied 
for so short a time as one minute is suf- 
ficient for the destruction of the brown 
cysts, and since beet seed is not injured by 
an exposure of 10 minutes to a dry heat of 
75° C., it appears safe to recommend a 
treatment of five to ten minutes at a tem- 
perature ranging between 65° and 70° C., 


with the certainty that it will destroy al) 
forms of the beet nematode that may be 
upon or among beet seeds. 

It should be a comparatively easy matter, 
and certainly an inexpensive one, to apply 
this treatment on a large scale to commer- 
cial beet seed. A large cylinder of brass 
wire mesh, fine enough to retain beet seed, 
inclined slightly from the horizontal, with 
a spiral flange running from one end to 
the other within the cylinder, might be so 
constructed as to revolve at such a rate 
as to carry the incoming seed entirely 
through the cylinder in a given time, the 
time necessary to expose the seed to the 
required temperature being ascertained by 
experiment.. The cylinder should revolve 
within a closed chamber through which a 
blast of hot air is driven. It will be seen 
from the notes on the experiment hitherto 
described that immediately after placing 
the seed within the hot chamber the tem- 
perature fell; it then remained stationary 
for some time, after which it slowly rose. 
This was due to the evaporation of the 
moisture contained in the seed, as well as 
to the actual absorption of heat by the 
seed. In stich an apparatus as is suggested, 
this fact would have to be recognized, 
therefore the blast of hot air would prob- 
ably require to be some degrees higher 
“than that to which it is desired to ratse te 
temperature of the seed itself. 

In view of the dangerous character of 
the sugar-beet nematode, and of the fact 
that there can be little doubt of its ad- 
mittance to this country on imported beet 
seed, the advisability of immediate steps to 
render it obligatory: for all imported beet 
seed, either at or before entry to the 
United States, to be subjected to such 
treatment, should be taken under consid- 
eration. 

Further investigations are planned to 
demonstrate beyond doubt whether or not 
the beet nematode, in any of its forms, is 
carried on European beet seed, and thus 
introduced into this country. 

However, since it has been shown that 
such a treatment is actually beneficial to 
the seed, that it will destroy the nematode, 
if it be present, and that the method is 
entirely practicable and inexpensive, there 
is every reason to urge that its application 
be enforced as soon as possible. 
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BREEDING STRAINS OF BEETS RESISTANT TO THE 
NEMATODE. 
It is quite possible that the sugar beet 


itself, as well as other crop plants suscepti- 
ble to beet-nematode attack, may be made 
to defend themselves against this enemy. 

It has been seen that chicory, for exam- 
ple, is not only nonsusceptible to attack, 
but is actually so repugnant to beet nem- 
atodes as to repel, even to kill them. This 
is probably due to the presence in the cor- 
tex of chicory roots of some property dis- 
tasteful or toxic to these worms. Wilfarth 
(1900) suggested the possibility of creating, 
through breeding and selection, a strain of 
beets resistant, or shall we say distasteful, 
to nematodes by developing an acrid or 
bitter principle in the epidermis of the 
roots. 

The way has already been blazed for 
such work. Orton (1910-1911) and Gil- 
bert (1912) have developed a variety of 
cowpea practically resistant to root-knot 
and wilt (Neocosmospora vasinfecta), other 
kinds being very susceptible. Bessey (1911) 
found that of the watermelon-citron hy- 
brids bred by Orton for wilt resistance, 
one strain showed the presence of root- 
knot to the extent of only 1.2 per cent, as 
against 28 and 51.9 per cent, respectively, 
in two other strains. It has also been 
shown by Bouquet de la Grye (1899) that 
Coffea liberica is less susceptible than C. 
arabica to the attacks of the root-knot 
nematode. On that account he recommends 
grafting C. arabica upon C. liberica. Some 
figs, such as the Celeste and Poulette, are 
reported to be not so susceptible to nem- 
atode injury as other kinds. Most of the 
Old World species of grapes, although dif- 
fering in degree among themselves, seem 
to be exceedingly open to injury by the 
root-knot nematode. On the other hand, 
some of the phylloxera-resistant hybrids 
and pure American vines are practicaly im- 
mune to both phylloxera and root-knot; yet 
other American varieties are subject to 
nematode attack. This is confirmed by the 
observations of Lavergne. 

As applied to the sugar beet, this is a 
problem that might well be taken up in 
the United States by the U. S. Department 
of Agriculture, State experiment  sta- 
tions in the beet zone, and by the few 
agencies as yet interested in raising beet 
seed. It also deserves thorough study by 
the great European sugar-beet seed firms, 
upon whom at present American beet 
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growers are almost entirely dependent. So 
far as other susceptible crops are con- 
serned, simple selection is recommended 
for every farmer who raises his own seed. 
In fields infested. with beet nematodes it 
will undoubtedly be noted that some plants 
appear to be, to a greater or less extent, 
immune; this is true even o1 sugar beets, 
which are notably susceptible. Such plants 
might be selected and preserved for seed 
purposes. Crossing might later be effected 
among a number of such more or less 
immune plants, until eventually individual 
plants might be found practically immune, 
and capable of transmitting that quality. 
These selections should always be made in 
badly infested fields, otherwise there would 
be no assurance that such plants had not 
simply escaped attack on account of the 
irregular distribution of the parasite, rath- 
er than actually showing some degree of 


breeding, resistant strains of beets may be 
produced. 

(d) Where, besides the localities already 
mentioned, it has been distributed. 

(e) What measures are necessary to pre- 
vent its further introduction and wider dis- 
tribution in the United States. 


SUMMARY. 


(1) A. pathological condition of sugar 
beets began to appear in the fields of many 
European beet districts some years after 
the cultivation of that crop had become 
general; a condition that, ere long was 
attributed to a depletion of+ certain min- 
eral plant foods, especially potassium salts, 
in the soil. Since this was most frequently 
observed where beets had been grown many 
years in succession, it was concluded that 
the soil was no longer able to sustain the 
growth of sugar beets, hence these fields 


Taste XV.—Germination test of treated ana untreated beet seed of Utah stock of 
1912. 
Number of 
Seedballs sprouts per 100 
—germinated in— —~seedballs in 
Sample 5 days. 10 days. 5 days. 10 days. 
No. Treatment. Per cent. Per cent. 
1 Control (untreated). 92 94 209 212 
2 1 minute at 63° C. 94 94 207 208 
3 5 minutes at 63° to 65° C. 93 93 202 203 
4 10 minutes at 63° to 65° C. 99 99 242 242 
5 1 minute at 70° C. 91 92 191 194 
6 5 minutes at 70° to 73° C. 94 95 216 217 
7 10 minutes at 70° to 75° C. 90 90 202 202 
8 15 minutes at 75° C. &9 &9 192 192 
immunity. Methods of selection and _ were said to be “Riibenmiidig” (beet tired, 


breeding have been described in detail in 
other publications. 


CONCLUSION, 


It is urged that the agriculturist and 
field corps of every beet-sugar factory in 
the United States, especially those in the 
districts already known to be infested 
with the beet nematode, familiarize them- 
selves with the facts essential to the recog- 
nition and practical methods of combating 
this pest, in order that they may be able to 
assist the beet growers in its detection and 
extermination. 

In the meantime, further investigations 
are necessary to determine: 

(a) With certainty how the sugar beet 
nematode is brought into this country. 

(b) What plants in this country are 
really resistant to it. 

(c) Whether, through 


selection and 
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or beet weary), the condition of the soil 
then being designated “Ribenmiidigkeit,” 
or beet weariness. This phenomenon rap- 
idly became so widespread and caused so 
great a reduction in the yield and sugar 
content of affected beets as seriously to 
threaten the whole industry. 

In such fields the beets manifest the fol- 
lowing characteristic symptoms: The outer 
leaves wilt and turn yellow about the end 
of July or early in August, but in bad 
cases as early as June; the inner leaves fail 
to attain normal size; in severe cases the 
crown becomes black and rots, on account 
of the inability of the affected beet to resist 
the attacks of fungi, and the flesh turns 
brown. The heart leaves, if they survive, 
assume a very dark green hue, which is 
quite conspicuous. Jn severe cases the 
beets may die before harvest. 

Thorough studies were begun to deter- 


mine the true cause of these symptoms, 
and it was soon shown that innumerable 
tiny eel worms were always present in the 
soil and among the rootlets of beets in 
these “beet-weary” fields. This worm was 
first described by Schacht, in 1859, and 
more fully by Schmidt, during the same 
year; the latter writer named the parasite 
Heterodera schachtii. It was soon after- 
ward demonstrated, notably through the 
labors of Kihn and Liebscher, that this 
parasite is the real culprit. 

Adult females of the causal parasite may 
be found attached by their head parts to 
the fine rootlets of infested beets about the 
time the latter begin to show signs of dis- 
tress. These look like tiny, dull, milky- 
white cysts or beads clinging to the small 
rootlets. Later they leave the plants. 

(2) The present distribution of the pest 
is very extensive, including Germany, Aus- 
tria-Hungary, western Russia, Holland, 
Belgium, France, Denmark, Sweden and 
the Azorés.- It has also been reported on 
hops in England. In the United States it 
has become established in two of the oldest 
beet districts, viz., in California and Utah. 

(3) It is polyphagous and.has been re- 
ported, according to Marcinowski and 
Vafiha and Stoklasa on 60 species of host 
plants. Practically all of these plants are 
found in the beet zone of the United States 
either as introduced wild plants or in culti- 
vation. Probably many other plants native 
to this country would be susceptible to 
attack. 

(4) The beet nematode, as well as the 
root-knot nematode, may be of European 
origin, but it is more probably from trop- 
ical or semitropical countries and may have 
been conveyed to Europe many years ago 
with exotic plants. ; 

(5) In the beet fields of European coun- 
tries, its ravages began to be noted early 
in the seventh decade of the nineteenth 
century. It became very generally distrib- 
uted, and still is one of the serious men- 
‘races to the beet industry of Europe. 

(6) According to Strubell, the life cycle 
of the female nematode occupies from four 
to five weeks, being almost identical’ with 
that of the root-knot nematode. As many 
as six or seven generations may be pro- 
duced in one season. The worm attacks 
the plants during its larval stage. Only 
the head parts of the larve penetrate thin 
rootlets, but sometimes the whole body be- 
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of not less than 68°C. is required. 


comes embedded in the tissues of thicker 
roots. After settling upon the rootlets, 
the larve are for a time quiescent and 
there undergo metamorphosis. The male 
finally resumes the eel-like form of the 
larve, breaks free from the rootlet, seeks 
a female, and, after conjugation, dies. 


After metamorphosis, the female assumes 
a distinct lemon shape and remains with 
her head parts inserted in the rootlet until 
her 350 to 400 eggs are matured. Some 
of the eggs may be hatched within the body 
of the living female, but she generally dies 
before all the young escape from her body. 
At the approach of cool weather of late 
autumn, many of the pregnant females un- 
dergo a further change—their bodies be- 
come brown, the integument being greatly 
thickened and toughened. The female her- 
self dies and her modified body becomes 
simply a sac filled with eggs. This-sac 
constitutes a resting or preservation stage 
and in it the eggs may be preserved for 
several years in a viable condition. 

(7) The beet nematode is apparently 
capable of adaptation to particular host 
plants, thereby developing biological varie- 
ties in the course of several generations. 
This is sometimes accompanied by modifi- 
cations in size and proportions, 

(8) For its rapid multiplication the fol- 
lowing conditions are essential: (a) Since 
it is especially sensitive to cold, at least in 
the egg and larval stages, a fair amount 
of heat is necessary for its active develop- 
ment; temperatures ranging from 15° to 
20° C. are favorable; above or below this 
their development is inhibited or arrested. 


‘They are as surely killed by a temperature 


of 85° C., as by frost. Yet the brown-cyst 
form of the adult female is capable of sur- 
viving the rigors of winter on the surface 
of the ground; therefore, to destroy the 
contents of the brown cyst, a temperature 
(b) 
Since it is larger and has a more robust 
spear than the root-knot nematode, the 
activities of this parasite are not limited 
to light soils, but it is capable of thriving 
in any good beet soil. It is doubtless more 
active in the lighter soils. (c) The free- 
living forms of the sugar beet nematode, 
unlike Tylenchus dipsaci and some other 
eelworms, can not withstand a lack of 
moisture; nor, on the other hand, can they 
endure a thoroughly saturated soil, but they 
thrive best in a well-aerated soil with suf- 


ficient moisture for plant growth. The 
drying out of the soil will cause their 
death. (d) The brown-cyst form of the 
nematode, however, can withstand consid- 
erable drought. : 

(9) Food supply: Strubell observed that 
the larve are able to develop almost to the 
sexually mature stage in soil free from 
plants. Chatin also proved experimentally 
that they can live for a whole generation 
in plant-free soil and propagate themselves. 
They are able to subsist on the roots of 
numerous plants, especially those of some 
of the common weeds now abounding in 
the United States. More recently Fuchs 
has found brown cysts to endure five years 
in the soil and their contents to remain 
viable at the end of that time. 


(10) These worms are spread in many 
ways: (a) By their own activities the 
larve are capable of moving through the 
soil about 75 to 100 feet, through the com- 
bined travels of seven generations in one 
season, according to the estimate of Fuchs. 
This is probably over the mark; 50 to 75 
feet would be more reasonable. Their more 
rapid and extensive distribution is to be 
found in other ways: as, (b) From field to 
field in soil clinging to implements, to 
hoofs of animals, to the shoes of laborers 
and others who may traverse the fields, to 
wagon wheels, and by means of the soil 
shaken from infested beets into wagons. 
(c) Frequently they are spread by -heavy 
rains, and may be carried long distances by 
irrigation water. (d) Although eggs and 
larve may be transported by heavy winds 
with sandy soil, it is probable that this 
would dry them sufficiently to destroy 
them, yet the cysts may survive such trans- 
portation. (e) It is undoubtedly possible 
to distribute them in soil clinging to the 
roots of nursery stock, potted plants, bulbs, 
rooted cuttings, potatoes, and possibly in 
some kinds of packing used for stich stock. 
(f£) It is not certain that any of the free- 
living forms of this nematode are brought 
into this country in a live condition on beet 
seed, although some of the more resistant 
types of eelworms may be thus introduced, 
but it is quite probable that the cyst stage 
is conveyed in a viable condition among 
beet seed. (g) This pest may be trans- 
ferred to uninfested fields with manure that 
has stood in an infested field. (h) Mud 
and slime from the factory settling pond, 
as well as beet waste from the factory, 
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would be a prolific source of infestation if 
spread on the land. These materials should 
never be so used until they have been com- 
posted with liquid manure and quicklime 
for severai years, with frequent admixture. 
(i) The pest may be distributed, or at 
least held over, on the roots of weeds al- 
lowed to grow on the roadside, on the mar- 
gins of fields and along irrigation ditches, 
and in the fields after crops have been har- 
vested. 

(11) The effect on the infested beets is 
very serious. Great quantities of the plant 
juices aré abstracted. The conducting ves- 
sels of rootlets and the body of the beet 
become plugged with complexes of giant 
cells, thus seriously interfering with the 
plant activitiés; hence, the wilting and 
death of the leaves. Many rootlets are 
killed and new ones are constantly stimu- 
lated into growth, thus bringing about the 
condition known as “hairy-root,” etc. Sec- 
ondary infections take place through the 
entrance of fungi and bacteria, thus caus- 
ing the beet to rot. 


(12) Innumerable methods of combating 
the pest have been studied and » tried. 
Chemicals, such as carbon disulphid, gas 
water, gas lime, etc., have been applied 
directly to the soil, but stich methods are 
too costly, except for small areas. Kihn 
developed an elaborate trap-crop system, 
but this has been abandoned as too labori- 
ous, precarious, and costly. For a time, 
fertilizers appeared to have favorable ef- 
fects, but it was found that they did not 
injure the nematodes. 


(18) Finally, rotation systems were care- 
fully worked out. These were designed to 
run six to seven years, and to include only 
one susceptible crop, such as beets, once 
in that period. This, in general practice, 
is the only method found available. Crops 
appropriate to the various beet districts 
should be selected from those known to be 
nonsusceptible to attack. Beets should be 
included but oncé in a 6-year or 7-year 
series. Later writers advise a rotation ex- 
tending over eight years, in order to insure 
the destruction of the brown cyst. 

(14) Careful observations. should be 
made by farmers to detect the first symp- 
toms of nematode infestation. Infested 
land should be indicated on sketch maps 
and their thorough treatment be under- 
taken before the pest gains greater head- 
way. 


(15) It has been found practicable to ex- 
pose beet seed to a dry temperature of 65° 
to 70°-C. for 5 to 10 minutes, not only with- 
out injury to the seed, but with a stimula- 
tion of its germinability. Since a tempera- 
ture of 65° C, is sufficient to kill the con- 
tents of the very resistant brown cyst, when 
applied even for so short a time as one 


minute, and since all the free-living forms 
are killed at a temperature of 35° C, we 
have here a simple, inexpensive and prac- 
tical means of destroying all such para- 
sites that may be carried on or among beet 
seeds. It is recommended that such treat- 
ment of all imported beet seed be made 
general. 
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Description of Plates 
PLATH IV. 


Tig. 1.--The first larval stage of Hetero- 
dera schachtii. %& 330. 

Fig. 2.-—The spear of the larva of H. 
schachtti. X 1450. 


Fig. 3.—-The flask stage of the larva of H. 
schachtti. X 200. 

Fig. 4.—The spear of the adult beet nema- 
tode. X 1450. 

Fig. 5.—Swellings on a beet rootlet caused 
by larve of the sugar beet nematode. X 15. 


Fig. 6.-—The male nematode developing 
within the larval skin. X 200. 

Fig. 7.—The adult male of H. schachtii. 
X 200. 


Fig. 8.—The adult female of H. schachtii, 
with adhering portions of the larval skin. 
xX 30. 


Fig. 9.—Female of H. schachtii attached 
by her head parts to the rootlet of a beet. 
X 15. (After Strubell.) 

Explanation of letters: k=the lips; m= 
the mouth; st = the spear ; ms = muscles con- 
trolling the movement of the spear; dr 
glands; oe to oes = cesophagus; ex = excre- 
tory duct (Dr. N. A. Cobb las proposed the 
name “renette’’ for the whole organ of which 
the part indicated and previously known as 
the excretory duct is only an outlet. The 
word is a direct diminutive of ren, renis, a 


kidney L.) ; d = intestines; gt. = embryonic 
sexual organs; a =.anus; bulb = muscular 
bulb of the cesophagus'; schl = nerve ring; 
h = testicle; sm = muscles attached to spi- 
cula; sp = spicula. 
PLATE V. 

Fig. 1.—Heterodera schachtii, male. X 86. 

Fig. 2.—H. schachtii, larva. X_76. 

Fig. 3.—H. radicicola, larva. X 115. 

Fig. 4.—H. schachtii, male, in last larval 
skin-X 16. 

Fig. 5.—H. radicicola, male, in last larval 
skin. X 16. 

Fig. 6.—H. schachtii, female. X 39. 

Fig. 7.—H. radicicola, female. X 78. 

(Figs. 1, 2, 3, 5 and 7 after Marcinowski ; 


Fig. 4 after Strubell.) f 

Fig. 8.—Stages of H. schachtti: a, egg; b, 
recently formed ‘“‘brown cyst’; c, older state 
of brown cyst, showing gall-like mass (d) 
extruded from vulva. X 40. (Original draw- 
ing.) 
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